Steel Works Plan 


Ne CHAMBERS are now better 


equipped than ever before to offer 
a comprehensive service to the steel 
industry. Extensions to our construc- 
tional shops with the provision of new 
equipment enable us to make even larger 
and more intricate fabrications. 

We bring to the service of the steel 
industry years of specialist experience in 
the design and manufacture of steelworks 
plant and equipment. In fact today we 
are one of the largest suppliers of steel- 
works ancillary plant, including ladles up 


Too Cars to thé Steel Co. of to 300 tons capacity. 


senow A 150 ton Hot Metal Receiver supplied to Brymbo Steel Works Limited. 
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ee (plus) v's Ni- Al (minus)”’ 


Conforming to B.S. 1827: 1952 


The Thermo-electric properties of the Nickel-Chromium/ 
Nickel-Aluminium Alloys ‘‘Ni-Cr(Plus)’’ and **Ni-Al 
(Minus)*’, are in strict conformity with those stated in 
the American National Bureau of Standards Circular 
561, and British Standard Institution Reference Tables 
for Thermocouples, B.S. 1827:1952. 


For Compensating Cables and Extension Leads in Civil 
and Military Aircraft, 
Wires have Ministry of Supply (Air) type approval, for 
Cables manufactured to Specifications EL. 1705 and 1632. 


LOW TEMPERATURE THERMOCOUPLE WIRES:— 


CONSTANTAN v PURE IRON 
CONSTANTAN v H.C. COPPER 


We manufacture a special quality of Thermocouple iron 
and are able to supply matched wires in the Iron v 
Constantan combination to meet customers’ varied 
Thermal-EMF requirements. Furthermore, and of 
infinitely greater importance, we are able to guarantee 
the reproducibility of those thermo-electric properties. 


When ordering Compensating Leads from your usual 
supplier, for greater accuracy specify : ‘‘Thermocouple 
Wires made by A. C. Scott & Co. Ltd., preferred”’. 


A. C. SCOTT & COMPANY LIMITED > 


TECHNICAL ALLOY MANUFACTURERS FOR OVER THIRTY YEARS | 
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The Wild-Barfield Generated Gas and 
‘Carbodrip’ methods of gas carburising 
ensure minimum carburising time, fastest 
production rates and full quality control. 
Write to us for advice on the application 
of gas carburising for your work. 


ELECTRIC 
VurdtI}) FOR ALL HEAT-TREATMENT PURPOSES 
\ ronnaces Backed by 40 years’ specialist experience 


ELECFURN WORK TTERSP 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


weB92 
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The illustration shows a Furnace for con- 

tinuous treatment of ferritic or austenitic 

steel strip. Installed at the Stocksbridge 

Works of Samuel Fox and Co. Ltd., 
Sheffield. 


We specialise in the desien and construction of 
Open Hearth Furnaces @ Soaking Pits of 
all types @ Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces @ Continuous 
Bogie type Ingot and Slab Heating Furnaces 
@ Furnaces for Aluminium Melting, Coil 
Annealing and Slab Re-heating @ Forge 
and Heat Treatment Furnaces @ Stress 
Relieving Furnaces @ Shipyard Plate and 
Bar Furnaces @ Modern Lime Burning Kilns 


PRIEST FURNACES LIMITED LONGLANDS MIDDLESBROUGH 


also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD 
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The last word in 
Furnace design 


= 


* 
4 
- a 
F 
77, 
fe 
+ 
| 
r 
Ig 


The Thompson L'Hospied service embodies 
much more than the production of accurate and 
consistently fine heat-resisting castings. 
Through their close association with the 
furnace industry they have first-hand knowledge 
of its requirements and unequalled facilities for 
testing under actual conditions. 


| 
| 


Added to these unique advantages is the 
specialised knowledge acquired during over 
twenty-five years in the trade. Thompson 
L'Hospied advice on alloys and design is widely 
sought and freely given to customers in every 
industry where heat or chemical treatment 
plays a part. 


Thompson 


% 


L,’ Hospied 


2, 
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A Member of the Incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND. 
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! 
| your ally 


Hot and Cold Rolling Mills, Rolls 


for Hot and Cold Rolling, Roll 


Lathes, Hot and Cold Shears, Hot 
Saws and Reelers, Steelworks 
Plant and Auxiliaries 


G.P.O. BOX 


SHEFFIELD 
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FORGINGS 


SMETHWICK DROP 


LD SMETHWICK & MINSTER 


is British-pr uced material 


of the very highes€ quality. Coming 


from our Sheffield, plant, it can, 


necessary, be in ‘your works 


the next day. 


The term ‘ Bemco’ is a registered trade mark of Union Carbide Limited % 7 
UNION 
UNION CARBIDE LTD., Alloys Division, 103 Mount Street, London, W.1 
CARBIDE 
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Important News 


for the Basic Steel industry 


LNIOd ONILIZW 
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New GR 541 Dolomite — Process 


Dolomite an indigenous raw material relatively low in 
cost, is widely distributed in Great Britain. Its high 
melting point fits it for use in many metallurgical 


APPLICATIONS 


processes. Dolomite is the backbone of the basic steel Basic Bessemer Converters 
industry. General Refractories have developed a new Besic O.H. Furnece sub-hearths. 
process of making bricks from this unique raw material, bottoms and checkers 

and they offer the 341’’ Dolomite brick to the steel Electric furnace side-walls 


and bottoms 


KAL-DO 
L.D Oxygen-Steel Converters 
ROTOR | 


industry for use in a wide range of applications. 


GR Technical Service Department is available 
for consultation by users in the selection and Active mixer sub-hearths and banks 


application of these and other refractories. 


GENERAL REFRACTORIES LTD. 


GENEFAX HOUSE SHEFFIELD 10 TELEPHONE SHEFFIELD 31113 


METALLURGIA Se pte mhbher, 1959 


| | sou! 
>. 
' 
20 0 gite! 
| 
7 


Low cost 


Sole distributors in U. 


Telephone No. : TERminus 8444 


MODEL EM 75B 


Philips EM 75B is a simply operated electron 
microscope with resolving power of 50A 
specially designed to supplement optical micro- 
scopy in the range of 1200 to 3000 diameters. 
This instrument gives magnification up to 
12,000 diameters on to photographic plates, 
making a further magnification to 120,000 
diameters possible by enlargement. 

Features of this instrument are : 


Low capital and running costs 


Simplicity of design and ease in use 
(no cooling water required) 


Minimum alignment requirements by 
Operator 


Rapid specimen change 


Efficient servicing organisation—service 
contract available if desired. 


For further information, please ask for leaflet 
WA12-D}. 


Product of N.V. Philips, Eindhoven. 


RESEARCH & CONTROL INSTRUMENTS LTD. 


INSTRUMENT HOUSE - 207 KING'S CROSS ROAD - LONDON - W.C.2. 


(RCLO409B) 
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PRACTORY CONCH 


MUST BE KEPT ORY 


“Nettle” Refractory Cement 
Heat-setting 


“Stein” High Alumina Cement 
Heat-setting 


“Maksiccar 11" Refractory Cement 
Air-setting 


“Maksiccar” Fire Cement 
Air-setting 


“Maksiccar Patch” 
Air-setting 


“Stein 73 Patch” 
Air-setting 


“Stein Refractory Concrete” 
Hydraulic-setting 


“Stein Super Refractory Concrete” 
Wes. 16,17&18. Hydraulic-setting 


“Stein Chrome Concrete” 
Hydraulic-setting 


JOHN G.STEIN SC2E | Please ask for a copy of our No. 4 Pamphlet. 


scone 


6. STEIN 00. LTD. Bonnybridge. ‘Scotland 


CEMENTS, PLASTICS AND CASTABLES 
as range of properties, we can supply the correct material for most industri: app 
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AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


» 


Signal Controller Recorder Controller 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
oh plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
‘ and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


ITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO, USA 
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Gibbons Mahler-v-Linde 


Atmosphere generators with a wide range of applications in many industries 
In the metal industry for bright annealing, brazing, sintering, gas carburising, 


bright hardening, etc. 


GmvL Ammonia Cracker 


For bright treatment of stainless acid resisting 
and heat resisting steels, and for brazing and 
sintering generally. 


2.00) c.f.h 


Gibbons Sub-X Inert Gas Generator a: 


A highly efficient and compact producer of inert gas, operating on standard 


gaseous fuels and distillate grades of fuel oils. 


G.A.A. Endothermic Generator 
For gas carburising, dry cyanide treatment, etc. 
a : Automatic response to variations in demand while 


maintaining Correct gas air ratio 


15,000 


Write for further details to 

GIBBONS 
¢ 

00 


APPLIED 
ATMOSPHERES 
| LIMITED 


A SUBSIDIARY COMPANY OF GIBBONS BROS. LTD. 
7 GREENFIELD CRESCENT, EDGBASTON, BIRMINGHAM [5 


*Phone : Edgbaston 4269 


A 
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NICKEL 
ALLOY 
STEELS 


ensure 


reliability in 


machining 


PROPERTIES OF 


These steels exemplify its versatility both as regards strength and range of serviceable 


In the current designs of C.V.A. Jigs Moulds & TYPICAL MECHANICAL 
Tools Ltd., Hove, who concentrate on high speed 
automatic and centre lathes, dieing presses and 


“Milwaukee” milling machines, the constructional 


naterials include various nickel alloy steels for the 
Section sizes. 


highly stressed components. The 1} per cent 
nickel-chromium-molybdenum steel, EN 24, one Size HEAT TREATMENT 
of the most useful compositions, is used for cams, 

0564” | Oil quenched 830°C. | 141.4 125-5 145 24 
shafts, spindles and other items which are either dia. | tempered 200 C. 
made from forged material or bar stock. 14” dia. Coteres 0c. 795 836 15 28 
The reliability of C.V.A. automatics, now opera- rempered 360°C. 
ting in thousands throughout the world, is a dia. 
reflection of the reliability of nickel alloy steels 52” dia. soles t c. 50:1 589 19-5 75 
under sustained stresses. By utilising the better properties obtainable in more highly alloyed nickel steels, 


dimensions can be reduced, lighter constructions produced, distortion through heat 


treatment minimised and reliability and economy achieved. 


Send tor “The Mechanical Properties of Nickel! Alloy Steels" > 


MOND NICKEL 


®. THE MOND NICKEL COMPANY LIMITED - THAMES HOUSE - MILLBANK - LONDON SW1 | 


toa 21/2/0 
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GAS BLAST COMBINED FORGE AND 
BRAZING HEARTH 


Complete with Motor Driven Positive Air Blower, two Gas 
Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 
bending up to | in. diameter. 


Size of Hearth, 20 in. « 20 in. « 4in. 


Gas Consumption, 200 cu. ft. per hour maximum. 


Manufactured by 


7, HOLYROOD STREET 
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BERMONDSEY 


NATURAL DRAUGHT GAS FIRED SALT 
BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 


Suitable for temperatures up to 900° C. 


Obtainable in the following sizes : 
8 in. dia. x Bin. deep, gas consumption 300 cu. ft. /hr. 
8 in. dia. < 10 in. deep, gas consumption 350 cu. ft. /hr. 
10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. ‘hr 


Time to heat up—1!4 hours. 


LONDON, S.E.! 
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The superb performance and reliability of Jaguar Cars 
are outward evidence of the care which goes into 
the manufacture of every component, each of which 
must conform to the highest standards of inspection. 
Heat-treatment plays an important part at many 
stages of the various manufacturing processes. 


The latest addition to the heat-treatment shop 
at Jaguar Cars Limited is a G.W.B. electrically 
heated Roller Hearth Furnace specially designed 
to carry out normalising, cyclic annealing and 
stress relieving a variety of components. 


SPECIAL FURNACE DESIGN 

The unusual multi-purpose requirements have resul- 
ted in an installation in virtually two sections. (1) 
High temperature (950 C) furnace, followed by (2) 
forced draft cooling section, and finally, (3) a 650 C 
heating chamber 


APPLICATIONS 

Normalising Welded components slow cooled 
from 900 C 

Cyclic annealing: Gear forgings heated to 950 C, 
cooled to 550 C and re-heated 
to 650 C. 

Stress Relieving Partly machined forgings such 
as crank shafts and gear blanks 
stress relieved between 550 and 
650 C,and cooled to 200 C inthe 
final 8 6° long cooling chamber. 


Over 25 years experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley 55455 (9 lines) 


Associated with: Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd 
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SERVICE 
| ‘To THE WORLD 
were'the early pioneers 

of precision built high speed 

rolling mills, slitting machines and 

Wire drawing equipment. 

- Today their machinery is in use throughout 
: the world. ‘They are recognised as 
world specialists and production over 
_~ 80 years has reached impressive figures. 


Two High, Three High and 
Four High Rolling Mills — 1800 
Slitting Machines — 360 
Rotary Swaging Machines — 330 
Flattening Machines 
Straightening Mac} 
Guilloting 
Wire 


Robertsong 
design and 
to the forefro 
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BRIGHT STEEL 


ROUNDS HEXAGOKS - 
SQUARES ; FLATS & SECTIONS 


THE 


LESO 


STEEL C?L” 


196/7, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. | 


HALESOWEN TEL. WHITEHALL 2015 
Nr BIRMINGHAM | 8 CHATHAM STREET 
MANCHESTER | CEN. 0413 


HALESOWEN 1191 


VACUUM FUSION GAS ANALYSIS 


A Robust Unit for the Accurate 
Determination of Hydrogen, 
and Nitrogen in Metal Samples. 


% Compact and robust cabinet with glassware protected 
by recessed front panel. 

% Samples up to 10 15 g. of steel can be accommodated. 

% Gas quantities of less than 10°° g. can be detected. 

% 2M4 mercury diffusion pump with high compression 

ratio ensures large mass of gas can be extracted for 

sampling. 

Small collecting space employed thus reducing a source 

of additional outgassing. 

Overall size (without generator) 42 in. x 18 in. x 60 in. 

high. 

Maximum crucible temperature of 2,400° C. obtained 

with 10 kW. RF generator. 


+ + 


FULL RANGE OF VACUUM METALLURGICAL EQUIPMENT AVAILABLE 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley 1500 
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. . . With all the answers 


He is finding that the use of insulating bricks for more 
effective heat insulation has been a subject well worth 
looking into. Reading further he'll see that Newalls 
make a range of insulation bricks under the trade names 
and Newparex”’ which are designed to 
cover heat insulation requirements up to 2012 F (1100°C). 
But why not read the catalogue yourself? Like the man 
in the advertisement, you'll find factual answers to all 


your queries. 


NEWALLS INSULATION CO. LTD. Head Office: WASHINGTON, CO. DURHAM 
A member of the TURNER & NEWALL ORGANISATION 

Offices and Depots at LONDON, GLASGOW, 

BIRMINGHAM, BELFAST, BRISTOL & CARDIFF. 


MANCHESTER, NEWCASTLE UPON TYNE, 


on insulating bricks 


Write to us for a copy of our 
INSULATING BRICK CATALOGUE 
which will be supplied free on request. 


Agents and Vendors in most markets abroad 
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TOZER 


ABranch of The United Steel Companies Limited P.O. BOX 50, THE ICKLES, ROTHERHAM, YORKSHIRE 


ROLLED STEEL STRIP 


The new Brinsworth mill hot rolls steel 
strip 
in widths from 6 to 18 inches 
3 thicknesses from -042” to -250” 
varying according to width 
qualities which include mild 
steels, medium and high carbon 
steels, Fortiweld,” Cor-Ten”’ 
and other special steels. 
The Templeborough Strip Mill pro- 
duces hot rolled strip 
—in widths up to 6 inches 
—thicknesses from -030” to -192” 
varying according to width. 


SP 218 
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-VACUUM MELTED METALS 


FOR BALL BEARINGS 


Vacuum melted steels are consistently free of inclusions 
and exceptionally clean. Steel for ball bearings treated 
ina vacuum furnace led to the following remarkable COULD A VACUUM FURNACE 


results: 
1. Bearing life consistently 100°/,—200°;, better 
than usual standards for normal temperature DO THE SA ME 
operations. 
2 Bearing life consistently up to 600°,, longer FOR YOUR PRODUCTS ? 


for high temperature, high speed applications. 
3. Up to 90°, reduction in bearing race rejects. 


Would metals with such characteristics make your pro- 
duction better? Wild-Barfield—NRC vacuum melting 
furnaces enable you to develop materials specially 
suited to your needs. Backed by the experience of the 
National Research Corporation, who have built and 
operated more high vacuum furnaces than any other 
company in the world, Wild-Barfield—NRC vacuum 
equipment covers most needs. Write for details of the 


range. 


2555 Vacuum Induction Model 2705 Non-Consumable Arc 
e¢ with melting capacity of Skull Furnace with a capacity of SO 
SO pounds of steel. Other standard pounds of titanium. Other standard 


WILD-BARFIELD—NAC EQUIPMENT INCLUDES: furnaces have capacities of 12 to vacuum arc furnaces have capacities of 


3,000 pounds 8 to 10,000 pounds of titannm 


VACUUM INDUCTION FURNACES 
VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING FQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 
LABORATORY VACUUM FURNACES 


NRC is the trade-mark of the Nationa! Research Corporation 
reg:stered in the United Stotes Potent Office 


for all heat-treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS OTTERSPOOL WAY WATFORD BY-PASS, WATFORD HERTS 


Telephone: Watford 26091 
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METAL-CUTTING OILS 


Oils, like metals, are difficult to illustrate . . . and to 
illustrate only a fraction of the immense variety we 
manufacture would require several pages in colour. 
Therefore, we will concentrate on telling you that we 
make a range of cutting oils blended to meet every 
requirement of the modern machine shop . . . for ferrous 
metals (including special hardened steels) and for non- 
ferrous metals. 

Cutting oils formerly ** good enough for the job "’ are 
just not so today. This age of specialisation demands 
that only the most suitable should be used. This is 


Send for descriptive brochure ea 


Works and Depots at: BIRMINGHAM 
SOUTHALL‘ (Middx.) 


sound common sense and wise economy, too. So- 
called ‘* cheap oils "’ are expensive at any price meaning 
more man-hours per job and higher scrap wastage. 


Keep your metal-cutting costs DOWN and 
productivity UP. Contact us before you start the 
job. Our organisation, backed by 60 years ex- 
perience, is ready to assist you on all machining 
problems. 


€ Co. Lid 


BIRMINGHAM 4. ENGLAND 
MANCHESTER LIVERPOOL 
BRISTOL - GLASGOW 
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VORCS. 


$ gas fired 
kind permission of 


Messrs. Whessoe Limited, 
Darlington. 


town 


special Charging Machine 
TELEPHONE* DUDLEY 55141 


FOR PLATES UP TO 4" THICK 


DUDLEY 
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DIBDALE 


“GIBBONS, DUDLEY” 
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An installation of pit type furnaces with separate cooling 
chambers and oil and water quench tanks for carburising 


and hardening motor gear box parts. 


Austin, Ford, Humber, and 
other leading motor manufacturers chose Efco 
Furnaces for hardening, gas carburising or 
carbonitriding gear components. 

When you decide on Efco furnaces you may 
pick from the best of the World’s current 
designs. For carburising and carbonitriding 
there are both vertical and horizontal closed clad 


quench furnaces, and vertical furnaces with furnaces for carburising and carbonitriding gear compo- 
nents. The furnaces are electrically heated with Corr- 


separate cooling chambers. For hardening 
there are many continuous designs including 
shaker hearth, roller hearth and _ pusher 
furnaces. 


therm elements. 


BEST OF THE WORLDS 
CURRENT FURNACE DESIGNS 


ELECTRIC RESISTANCE FURNACE CO. LTD. 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389! 


Associated with Electro-Chemical Engineering Co Ltd 


aun 
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Ix this modern general metals 
age of Ours it seems a far cry to the 
days when the heat treatment of metals 
was considered to be a ‘ black art’ 
and when the closely guarded secrets 
of the swordmakers and workers in 
precious metals were handed down 
trom father to son. Today we 
recognise the value of the compara- 
tively new technology of metallurgy 
and realise the benefits our civilization 
receives from the new metallic alloys 
and from the new plants and methods 
of processing these alloys which have 
been developed during the last few 
decades. 


The type of plant we have in mind 
includes such items as the new heat 
treatment furnace which the West 
Midlands Gas Board recently has had 
installed in its Heat Treatment Service 
establishment located at Adderley 
Street, Birmingham 9. This establish- 
ment was brought into being by the 
Birmingham Gas Department more 
than 4o years ago and the plant has 
been continually brought up to date. 
The experience of the metallurgical 
staff of the ‘ service’ is considerable 
and this is reflected in the quality ot 
the supervision given to all the heat 
treatment processes carried out at 
Adderley Street, as well as in the 
advice given to consumers concerning 
the use of gas fired plant. This new 
item of plant, one of the first of its 
kind to be installed in the Midlands, is 
an atmosphere controlled batch-type 
unit, capable ot accepting a total load 
measuring 3 ft. o in. wide, 2 ft. o in. 
deep and 1 ft. 6 in. high, and operating 
up to temperatures of 950° C. The 
turnace itself comprises two separate 
chambers, a hot zone, heated by re- 
cuperative gas fired nickel-chrome 
radiant tubes, placed above and below 
the work chamber; and a water 
jacketed discharge vestibule. An oil 
quench tank is incorporated below this 
vestibule and both the vestibule door 
and the inner furnace door are power 


operated. 


Controlled atmospheres, suitable 
for a wide variety of treatments 
including clean hardening and 
annealing, gas carburising and carbo- 
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Heat Treatment 
—Gas Board Demonstrates 


This Gas-fired furnace of new design for gas carburising and clean 
heat treatment in controlled atmospheres is a working exhibit at the 
Board's Heat Treatment Service establishment. 


nitriding, are supplied from an endo 
thermic generator torming part ot the 
plant. This generator is fired by 
towns gas but uses propane gas and 
air for the production of the endo- 
thermic gas. Both propane and 
ammonia enrichment are provided, 
for use when gas carburising or carbo- 
nitriding, and it is possible to vary 
the ‘dew point’ of the atmosphere 
gas in order to provide clean heat 
treatment of steels over a wide range 
of specifications. 


The furnace is operated from a 
control panel and desk which provides 
automatic furnace temperature re 
cording control, atmosphere control 
and push button control of all the 
power operations attendant upon the 
charging, discharging and quenching 
of the furnace load, which thus become 
automatic operations, each action 
being indicated by signal lights on the 
panel. Vertical flow gauges and dial 
gauges incorporated in the panel 


complete the instrumentation ot the 


plant, and the panel thus gives the 


operator an immediate picture of the 


This is an advertisement by the West Midlands Gas Board 


stage ot the process and the state of 


the plant at any given time. 


In order tully to demonstrate this 
plant to prospective purchasers it 1s 
ot course necessary to Operate it on a 
commercial heat treatment shop basis 
and the Board’s Heat Treatment 
Service is Open to receive orders for 
the gas carburising of such items as 
crown wheels and pinions, gears, cams 
and cycle components, clean annealing, 
hardening, and tempering of special 
die blocks, machined parts and similar 
items. All this work would be 
carried out to the requirements of the 
client concerned, would be supervised 
by qualified metallurgists, and when 
necessary would conform to the 
dictates of any inspection approval. 


Industrialists, metallurgists and 
plant engineers are invited to inspect 
any of the items ot plant at Adderley 
Street cither with a view to installing 
similar plant at their own works or for 
the purpose ot assessing the usefulness 
to their own organization of the com- 
mercial heat treatment facilities pro- 
vided by the ‘ Service’ 
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all the way 


Every furnace is an Incandescent furnace 
in the annealing shop at the Abbey Works of The Steel 


Company of Wales Ltd. More are to follow, and 
extensions now in progress (seven furnaces and 
eighteen bases) will bring the installation up 

to 29 furnaces and 78 bases, with an 

output of 17,000 tons per week. 


THE INCANDESCENT HEAT CO., LTD. © SMETHWICK «© ENGLAND 


13, 10/59 
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Over 70 heavy duty type MDX motors have been 
supplied to Richard Thomas & Baldwin Ltd., for use 
in their Ebbw Vale works. The illustration shows ten 50 
hp motors driving screwdowns on a five stand strip mill. 


A.E.1. type MDX motors have been specially designed to 
operate under the arduous conditions of iron and steel works. 
Theirstrength and reliability,and the exceptionally low inertia 
of the rotating parts make these machines ideal for driving’a 
wide range of steelworks equipment. The use of mica and 
glass insulation suitable for high temperature operation 
enables the motor to withstand heavy overloads. 

Available totally enclosed, up to 200 hp, or self-ventilated, 
up to 250 hp. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
MOTOR & CONTROL GEAR DIVISION RUGBY & MANCHESTER, ENGLAND 
(8) rvconrozatine THE MOTOR & CONTROL GEAR INTERESTS OF BTH & M-V & 
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The three separate chambers 


Cut fuel and labour COSTS of this City Gas Fired Furnace 


are 12 ft. long by to ft. in 
in your Steel Foundry effective width. They are 
each equipped with two elec- 
trically operated self-locking 


and achieve continuity of doors and operate as indepen- 


dent units. 
production by installing The castings wd preheated 
from cold to 300 C. in the 
‘i first chamber and then pass 
a Triple Chamber to the second chamber where 
they are raised to 750 C. 
Quenchi n g F urnace They are finally heated to 
1,100° C. in the third cham- 
ber, and after soaking are 
quickly withdrawn by an ex- 
tractor gear and conveyed to 
the oil or water tanks for 
quenching. The chambers are 
equipped with instruments for 
the automatic control of tem- 
perature, air/gas ratio and 
pressure. Prescribed heating 
curves can easily be main- 


: tained. 
By utilising the third chamber 
aaa as a cooling chamber the fur- 


nace can be employed for 
annealing purposes. When 
desired, the first and third 
chambers can be indepen- 
dently used for the batch treat- 
ment of castings. 


By permission of Messrs. Edgar Allan & Co. Ltd. 


G.P. WINCOTT LIMITED 
Telegrams: WINCOTT, SHEFFIELD. 
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Investigation, Research, Development. These are 
the tools which every industry must use to ensure 


its continued progress and prosperity. 


The Aluminium Industry is no exception. 
Scientific understanding wrested from nature the secret 

of making aluminium: scientific research is ensuring that 
the best possible use is made of this light, strong, 

durable metal. 
The modern and well-equipped laboratories at Banbury are only 

one of four maintained by the Aluminium Limited Group. All the 
techniques and specialised skills of modern science and engineering 


are used to extend the uses of aluminium. 


Here, metallurgists study continuous 

casting, corrosion problems and alloy 
formulation. Chemists investigate the 
problems of surface conditions, 


anodising, brightening and electro-plating. 


Other departments apply 


Engineers study fatigue and 
the findings of the research 


deformation and the techniques and 


specialists to the specific 
“know how” of forging, rolling and : 
problems of design and 
extruding aluminium. Physicists study : 
‘ welding, publish the results of 
re-crystallation of cold-worked 
: the research programme to 


aluminium, heat transfer and methods 
our associate companies and 


of X-ray inspection. 
help the technical sales staff 
; to solve the day-to-day 
- problems that customers face. 
| | 


This research and development work done at the Banbury Laboratories 


ultimately benefits British industry as a whole. These facilities are costly 
and represent the application of scientific and industrial 
skill of the very highest kind. The laboratories of the Aluminium Limited Group 
of Companies are an investment in the future of the aluminium industry. 


If you would like to take advantage of these facilities why not consult— 


Aluminium Union Limited 


(Incorporated in Canada) 
ALUMINIUM CANADA HOUSE, 30, BERKELEY SQUARE, LONDON w | 
OFFICES, ASSOCIATED COMPANIES 


AND AGENTS THROUGHOUT THE WORLD - An Aluminium Limited Company 
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for big names in steel 


Honeywell is instrumental 


Flexible Honeywell controls 
regulate oii and gas fired zone 
temperatures on reheaters. 
Alternative combined controller 
settings can be quickly selected 
from a control knob at the desk. 


WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. WAXlow 2333. 


| I am interested in the application of M 
| control instruments to 


Please send: (Tick where appropriate) 
Address of your nearest branch office 0 
Full information o 


NAME 


APPOINTMENT 


ADDRESS 


| COMPANY 


There is an atmosphere of confidence ina 

big steelworks operating under Honeywell control. 

At the Ebbw Vale works of Richard Thomas 

and Baldwin s, each 7-ton slab of red-hot steel 

bears an invisible guarantee as it moves past 

the instrument panel on its way from 

the reheating furnaces to the rolling mill: 
a guarantee of precision; optimum temperature 
distribution exactly reproduced . . . ideal surface 
quality from close control of furnace atmosphere. 


a guarantee of economy; each slab costs less 

to heat when every calorie is harnessed 

by automatic fuel flow control. 
And the range and flexibility of Honeywell instruments 
ensure that these units can be built into new 
plant conveniently, without prejudice to plant design. 
This is why the big names in steel .. . Richard Thomas 
and Baldwins... Steel Company of Wales... 
Steel Peech and Tozer ...Colvilles... 
come to Honeywell for their instrumentation. 


Honeywell 
Fist in 
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REICHERT UNIVERSAL 


--- there is nothing 


More than half a century of experience in the manufac- 
ture of metallurgical microscopes is the background to 
this latest version of the REICHERT Universal Camera 
Microscope. Representing the ultimate in mechanical and 
optical perfection, in versatility and operating conveni- 
ence, this instrument has many old and new friends in the 
leading metallurgical laboratories of this country. It is a 
truly universal microscope, all metallographic techniques 
being at the operator's fingertips—without changing 
the objective, just by moving some levers, a specimen can 


| 
i 


SHANDON SCIENTIFIC COMPANY LTD., 


6, CROMWELL PLACE, LONDON, S.W.7. 
Tel. KNI 1131 


METALLURGIA, September, 1959 


CAMERA MICROSCOPE 


better than a REICHERT 


be examined in rapid succession in ordinary or polarised 
light, with bright ground or dark ground illumination, 
in positive or negative phase contrast. Macro equipment 
and the semi-automatic Micro Hardness Tester are 
compact self-contained units which are simply exchanged 
against the objective—the specimen need not even be 
touched in the process. Amongst the host of other 
accessories there is the Interference Tester for surface 
finish and the Grain Size Comparator. May we send you 
further particulars of this remarkable instrument ? 


SHANDON EQUIPMENT FOR THE 
METALLOGRAPHER 
Abrasive Cut-off Machines Mounting Presses 
Belt Surfacers Hand Grinding Equipment 
Grinding and Polishing Machines 
Automet Attachment 
Hyprez Diamond Compound 
Grinding and Polishing Materials 


REICHERT Microscopes 


Polishing Benches 
Electropolishers 


| 
j 
t 
— 
aff A 
> 


Why waste 


You can save expensive time and remove production bottlenecks Only the Magna-Gage offers this versa- 
by installing a Magna-Gage Comparator in your inspection tility :-— 

department. 

Using these simple and foolproof instruments your inspection Accurate to 0.00001 in. 

team can handle a far greater volume of work than by conven- Magnification of 400 & 4000. 

f Multiple Station Continuous Gauging. 

For Repetitive Inspection—-perfect repeatability of readings. Machine Operation Control. 


The rate of output that can be maintained using the coloured 
lights system will astonish you. 

The accuracy of this instrument is such that there is a place 
for it in every standards room. linkages. 


Remote Control and Remote Inspection. 
The inspection probe uses no bearings or 


SPECIFICATION 


Range : Each Division : 
0.005-0-0.005 in. 0.001 in. 
0.0005-0-0.0005 in. 0.00001 in. 
0.12-0-0.12 mm. 0.005 mm. 
0.012-0-0.012 mm. 0.0005 mm. 


Consistency of Reading: -+.0.000001 in. (+ 
0.000025 mm.) with standard probe + 
0.000002 in. (-+0.00005 mm.) with exten- 
ded probe. 

Operating pressure : up to 20z. maximum. 

Zero stability with mains change: Undetectable. 

Electrical outputs ; Current 0.5 mA full-scale 
on any range. Maximum load 4700 ohms. 
Voltage 2.5 volts (approximately) full- 
scale on any range. Output resistance 4700 
ohms. 

Mains supply: 100-115, 200-250 volts. single 
phase, 40-60 c/s. 

Probe dimensions: Diameter: 0.875 in. Overall 
length : 3.5 in. 

Amplifier dimensions: 8in. x 8 in. x 8 in 
approximately. Weight : 82 Ibs. 

Built-in socket outlets available 


INEXPENSIVE AUTOMATION 
AT THE LOW PRICE OF 
£74:10:0 

Signal light indicator £37 : 0 : 0 


Manufactured by SOUTHERN INSTRUMENTS 


LIMITED 


AN ADVERTISEMENT OF THE OSCILLOGRAPH GROUP OF SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY. TELEPHONE: CAMBERLEY 340! 
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CARBLOX GIVES THIS, 


PLUS INCREASED EFFICIENCY 


| CARBLOX | has greater resistance to the attack of iron and 


slag than normal firebrick. 


BLOX has low after-contraction and its high thermal 


conductivity greatly increases cooling efficiency 
shows no deformation under a load cf two tons 

to the square inch, and is two to three times as 
resistant to abrasion as firebrick. 

has a cold crushing strength about four times that 


of ordinary firebrick. Carblox must be used under 
reducing conditions. 


CAR BLOX for the WELL WALL 


BOSH & HEARTH 


CARBLOX LIMITED - 


STORRS BRIDGE WORKS - LOXLEY 
Near SHEFFIELD Telephone: Sheffield 343844 (5 lines) Photograph by courtesy of the Appleby-Frodingham Stee! Company 
(Branch of the United Stee! Companies Limited) 
one of the Marshall Refractories Group of companies 


WELL OVER 100 CARBLOX BLAST FURNACE LININGS THOUGHOUT THE WORLD 
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Vertical cylindri- 
cal specified 
diameter lifting 


device. ¥ 


Horizontal cylindri- 

cal specified diameter 

lifting device, also 
supplied with 

cial clamp faces 

ground 
diameters. 


9° dia. 450 watt. 10 cwt. 
S.W.L. Electro Magnet 
being tested at 24 cwt. 
test load, normal voltage, 
windings hot. 


Type NRSA Plate Lift- 
ing Sling with common 
lifting ring with self 
aligning swivelling 
clamps. Range | to 10 
tons. 


Low headroom all steel 
crosshead with pair of 
flat band woven wire 
slings with tubular end 
attachments. Load range 
2-10 tons, any diameter. 


Rubber lined split clamp 
lifting device for hot 
semi-plastic loads. 


Ingot lifting device for 
lead or copper etc., to 
any size and rating 
required. 


Type BMMH.1.5/4STG2 Beam 
Electro Magnet 1; ton S.W.L. 
72° (1830 mjm. Each magnet 
8° dia. 300-620 watts. 


90 ton S.W.L. Compound 
Lifting Beam for handling 
engine assembly en bloc 


The BERL service is offered to all users of lifting 
tackle and illustrated above are some of the lifting 
devices from our extensive range. When dealing with 
your load raising problems remember BERL hold 


the answers. Better Equipment for Raising Loads 
BRITISH ELECTRICAL REPAIRS LIMITED, EMPIRE HOUSE, CHARLOTTE ST., MANCHESTER ! 
om 
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Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 


The Atomat Principle 
RAY SOURCE 
MATERIAL 


RAY DETECTOR 


Amount of rays passing 
through material indicates thickness 
or weight per unit area. 


That's the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Cold Strip 


Gauge, the Hot Strip Gauge and 
the Beta Gauge. ane 
In addition there are special purpose ll 


variations, made to meet the 
requirements of many different 
industries. 


HERE’S WHAT AN ATOMAT 
GAUGE CAN OFFER YOU 


@ Time and material saving both in 
production and setting up 


High accuracy 


Calibration in your usual units 
of measurement 


Continuous readings for materials 
in constant production 


Auto standardisation and control if you require 


Minimum maintenance 


Baldwin Atomats are already boosting production and 
cutting costs in the paper, metal rolling, rubber 
and plastics industries. Highly successful 
applications also include the measuring of selenium 
on aluminium, coatings of paint and lacquers, density 
of wood chips, coatings of grit on abrasive papers 

. and padding and resin impregnation in the textile 
industry. But the potential of Baldwin Atomat 

Nucleonic Gauges has hardly been tapped. 


Is there a place for them in your plant? 


Send for the Baldwin Brochure yA i24 
It gives full information 
on Atomat Gauges clearly 


INSTRUMENT DIVISION Om Atomat Ga 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Limited, Dartford Kent 4 sire Group company 
DARTFORD 6411 & 2948 Cables and Telex - Baldwin, Dartford 
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‘‘hut there’s no shadow of doubt... 


“a fuel economy is of major importance in keeping 
| down production costs. By installing 
| yi ’ Franklin oil burning furnaces with Automatic 

& ‘ burner control our saving in fuel in the 

first few months enabled us to add to our foundry 
equipment and ensure a steady increase in 
production. Write to Franklin Furnace Company 
to-day for their brochure on oil fired 
furnaces and details of their conversion and 
installation services 


for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND OfL BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. BAKER STREET. 
SPARKHILL. BIRMINGHAM, Phowe: ViCtoria 2579 


for the Asking 


LEARN HOW TO: 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON — 57531 
(5 lines) 


ALSO AT LONDON AND ROCHDALE 
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Do you really 
think I need 


bother about 


low 
residuals? 


Some people do . 
in carbon steels required for certain 


high duty applications. 
Residual elements in Workington Electric 
Arc Furnace Carbon Steel are as follows 


average maximum 
Nickel 01 02 


Chromium Ol ‘O15 
Copper 03 “04 
Arsenic O15 “02 
Tin O15 02 
Vanadium “02 “04 
Molybdenum below ‘O01 
Lead helow ‘01 
Cobalt 005 “008 
ur Antimony below 
Bradleys London Tungsten below 
Titanium below °O1 


a branch of THE UNITE 


WORKINGTON 


IRON AND STEEL COMPANY Workington + Cumberland COMPANIES UIP 
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Complete Steelworks Installation 


Below is illustrated a complete Open Hearth Steel-Melting Shop designed 
and constructed by Wellman for Empresa Nacional Siderurgica S.A., 
Aviles, Spain. 

This modern steelworks which marks an important step in the 
expansion of the Spanish Steel Industry includes: three 350-ton Open 
Hearth Tilting Furnaces, one 600-ton Active-type Metal Mixer, two 
100-ton Hot Metal Cranes, two 4-ton Ground-type Revolving Open Hearth 
Furnace Chargers, two 140-ton Ladle Cranes, etc., etc. 


Further orders have been received from these clients for Wellman 
Soaking Pits, Reheating Furnaces, Charging Machines, etc. 


HE (WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HGUSE, WILTON ROAD, LONDON, S.W.t WORKS: DARLASTON, South Staffs, & BELFAST. 
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Power from Coal or Atom 


T® E general energy situation has changed considerably 

since the announcement by the British Government 
almost five years ago of a nuclear power plant programme 
to be completed by 1965. At that time there was a 
chronic shortage of energy, and it was generally agreed 
that there would be difficulty in meeting Europe's energy 
needs from indigenous coal supplies. In the United 
Kingdom, difficulties arising from the coal shortage in 
the post-war years had been met, with Government 
approval, by a switch to other fuels such as oil and—in 
the steel industry—the less conventional creosote-pitch. 
Nevertheless, it was felt that, for a variety of reasons, it 
was undesirable to meet Europe's shortages by large 
scale importing of oil or of American coal. In these cireum- 
stances, the prospect of power from nuclear sources was 
viewed with a sense of, not merely relief, but rejoicing, 
and the setting-up of nuclear power stations an obvious 
move. 


What a change has taken place in the last few years. 
Instead of a shortage of coal in this country, there is 
today a surplus of such magnitude that the coal mining 
industry is facing a crisis, and demands are being made 
by the miners that the Government should take such 
action in the power production field as to ensure the use 
of more coal for steam raising, and should encourage the 
use of coal in other ways. Although the mining industry 
is one of great importance to the country’s economy, it 
seems a little unfair to expect that industries which have 
been driven to try other fuels by the shortage—and 
possibly the cost—of coal should now turn about face 
and use coal again. Quite apart from the cost involved 
in alterations to plant, wholesale reversion would probably 
lead to shortages again. In any case, the governing 
factor as to which type of fuel is best for power generation 
is that of cost—or rather the price per kWh of electricity 

taking into consideration changes likely to occur in the 
near future. 


When the White Paper on nuclear energy was pub- 
lished in 1955, it was stated that the cost of power from 
the nuclear stations was expected to be about 0-6d. kWh 
and that this was about the same as the probable future 
cost of electricity generated by new coal-fired stations. 
In a panel discussion at the Sixth International Exhi- 
bition on Electricity and Atomic Energy, held in Rome 
earlier this year, Mr. J. A. Jukes, Economic Adviser to 
the U.K.A.E.A., discussed the changes which have taken 
place since those estimates were made, pointing out 
that two economic factors quite external to the fuel 
situation have changed, and have had a marked effect 
on the estimates. Besides a general inflationary rise in 
the price level of about 10°,,. the Government's economic 
policy has increased the cost of money: the rate of 
interest paid by public utilities has risen from 4°, to 
some 54°,,, a change which makes less attractive invest- 
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ment in nuclear power stations, where capital charges 
form such a high proportion of production costs. The 
effect of these changes is to increase the estimated cost 
of nuclear power by a little more than 0- 1d. kWh., and 
of power from coal by a rather smaller amount. Present 
estimates suggest that the first nuclear stations will 
probably produce power at a little over 0-7d. kWh., 
the most recent stations at or below this figure, and the 
last station in the programme substantially below it. 


The estimated cost of generation in the most up-to-date 
coal-fired power stations at present being planned ranges 
from 0-5d. kWh. for stations situated near coalfields to 
0-65d. kWh. for similar stations sited away from the 
coalfields. As far as it is possible to compare the two, 
the cost of oil generation would be about the same. A 
rather remarkable change in the economies of coal-fired 
stations has taken place in the last few years, in that, 
whereas capital costs of about £70 kW. prevailed four 
or five years ago, new stations are now expected to be 
built for a capital cost of £40-50 kW. Gratifying though 
this reduction is, the proportion of the cost of electricity 
which is due to capital charges, in the case of coal-fired 
stations, is so small that there is no great scope for further 
price reduction due to such technical developments as 
the use of larger generating sets, ete., even though 
technological progress continues. The principal cost 
factor in generation in such stations is the price of coal, 
varying as it does from 0-35 to 0-5d. kWh., depending 
on the distance from the coalfield. 

In contrast, the fuel cost in the latest design of 
nuclear stations is 0-17d., which is only about a quarter 
of the total generating cost. Moreover, it is expected 
that a substantial fall in the price of uranium will occur 
in the middle 1960's, because surplus capacity will be 
available and the mines will be fully amortised, It is 
estimated that this factor alone will reduce the cost of 
electricity from existing nuclear stations by about 10°, 
and, if account is also taken of the reductions made 
possible by lower capital charges, it seems reasonable to 
hope that the cost of nuclear power will fall below that 
of conventional power within the next decade. 

Whether the nuclear power station will eventually 
supersede the coal-fired station completely is a matter 
for conjecture. In the long run it may do so, but for the 
present, coal-fired stations will continue to be built, and 
it is predicted that the consumption of coal in the electri- 
city industry will rise substantially in the next few 
vears. In the meantime, of course, progress is to be 
expected in the development of new types of nuclear 
stations. The Calder Hall type has several years of 
development before it, and it is hoped that by 1961 the 
advanced gas-cooled reactor will become critical. If the 
latter is successful, the first commercial type may be in 
operation by 1965. After that the fast breeder reactor 
under development at Dounreay may come into its own, 
with its low capital cost and its ability to use the pluto- 
nium produced in the Calder Hall type reactors. 
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Meeting Diary 


3rd November 


Institute of Metals, Oxford Local Section. ~ The Theory 
of Rolling”, by Pror. H. Forp. Cadena Cafe, Cornmarket 
Street, Oxford. 7 p.m. 

Institution of Engineers and Shipbuilders in Scotland. 

Research on Steel and Aluminium Hatchway Beams’’, by 
M. N. Parker, K. V. Taytor, and J. A. Ross. 39, Elmbank 
Crescent, Glasgow. 6.30 p.m. 

Sheffield Metallurgical Association. ~ Modern Develop- 
ments in the Theory of Brittle Fracture ’’, by Dr. A. A. WELLS. 
B.I.8.R.A. Laboratories, Hoyle Street, Sheffield, 3. 7 p.m. 


5th November 


Institute of Metals, London Local Section. 
for High Temperatures ", by Dr. F. D. RicHarpson. Royal 
School of Mines, Prince Consort Road, London, 8.W.7. 7 p.m. 

Liverpool Metallurgical Society. ~ Ductile Fracture” 
by Pror. R. W. K. Honrycomspe. Library of the Department 
of Metallurgy, The University of Liverpool, 146, Brownlow Hill, 
Liverpool, 3. 7 p.m. 

Society of Chemical Industry, Corrosion Group. “ Cor- 
rosion Factors Affecting the Choice of Stainless Steels for Chemi- 
eal Plant’, by H. T. Sarrtey. Joint Meeting with the Notting- 
ham Section. Gas Showrooms, Shakespeare Street, Nottingham. 
7.30 p.m. 


The Struggle 


10th November 


Institute of Metals, South Wales Local Section. © Econo- 
mies of Rolling Mill Layouts’, by W. F. Cartwricut. Metal- 
lurgy Department, University College, Singleton Park, Swansea. 
at p.m, 

Sheffield Metallurgical Association. ~ Silicon Carbide and 
other Super Refractories--Recent Developments”, by C. 
Presswoop. B.I.8S.R.A. Laboratories, Hoyle Street, Sheffield, 3. 
7.30 p.m, 

1ith November 

Institute of Metals. Conversazione (informal) in connection 
with Electron-Microscope Symposium. 17, Belgrave Square, 
London, 1 7.30 p.m. Tickets 6s. each. 

Liverpool Metallurgical Society. ~~ Welding in Warship 
Construction’, by W. R. Sewarp. Joint Meeting with the 
Institute of Welding, Liverpool Branch. Picton Library, 
Liverpool. 7.30 p.m. 

Manchester Metallurgical Society. Bearing Metals”’, 
by P. G. Forrester. Manchester Room of the Central Library, 
St. Peter's Square, Manchester. 6.30 p.m. 


12th November 


East Midlands Metallurgical Society. ‘ Metals in Storage 
Batteries by C.J. Busurop. The Central Electricity Authority 
Showrooms, Arkwright Street, Nottingham. 7.30 p.m. 

Institute of Metals. Symposium on “ The Application of 
Thin-Film Techniques to the Electron Microscopic Examination 
of Metals”, arranged by the Puysics Royal 
Institution, Albermarle Street, London, W.1. 9.30 a.m., and 
2.15 p.m. 

Institute of Metals, Birmingham Local Section. “ Recent 
Corrosion Studies on Titanium ”’, by J. B. Corron. College of 
Technology, Gosta Green, Birmingham. 6.30 p.m. 

Leeds Metallurgical Society. © Aluminium Casting Alloys 
and Foundry Practice,” by W. L. Botton. Metropole Hotel, 
Leeds. 6.30 p.m. Light refreshments available from 6 p.m. 


14th November 


Non-Destructive Testing Society of Great Britain, 
Birmingham Branch. ~The Logical Development of an 
N.D.T. Technique for a Steel Casting "’, by 8S. Jusy. Engineering 
Centre, Stephenson Place, Birmingham. 10 a.m. 


17th November 


Sheffield Metallurgical Association. ‘ Modern Develop- 
ments in Ultrasonic Inspection Methods by J. F. Hinsiey. 
B.I.S8.R.A. Laboratories, Hoyle Street, Sheffield, 3. 7 p.m. 


18th November 


Southampton Metallurgical Society. Joint Meeting with 
the Institute of British Foundrymen. © Properties of Copper 
Base Alloy Castings "’, by F. Hupson. Southampton Technical 
College. 7.30 p.m, 
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19th November 


Institute of Metals, Sheffield Local Section. * Primitive 
Metallurgy’, by Pror. F. C. THompson. Applied Science 
Building of the University, St. Georges’ Square, Sheffield. 
7.30 p.m. 

Institution of Plant Engineers, Merseyside and North 
Wales Branch. “ Developments in Welding Practice,” by 
Dr. R. Week. Donnan Laboratories, Liverpool University. 


20th November 


West of Scotland Iron and Steel Institute. “ Metallurgical 
Aspects of Flat Rolled Products, by A. J. K. HoneYMAN. 39, 
Elmbank Crescent, Glasgow. 6.45 p.m. 


24th November 


Institution of Plant Engineers, South Wales Branch. 
* The Engineering Applications of Electro-Deposited Metals ”’, 
by J. W. Oswatp. South Wales Engineers’ Institute, Park 
Place, Cardiff. 7.30 p.m. 

Sheffield Metallurgical Association. Symposium on the 
Determination of Carbon in Steel. ‘ Gravitmetric Methods ”’, 
by E. A. Dickinson, * Low Pressure Method ”’, by R. StarHaM, 
*Conductimetric Method”, by W. R. Nari.  B.1S.R.A. 
Laboratories, Hoyle Street, Sheffield, 3. 7 p.m. 


25th-27th November 


Institute of Petroleum and Society of Chemical Industry 
(Corrosion and Chemical Engineering Groups). Symposium 
on ~* Corrosion Problems of the Petroleum Industry.”” Federation 
of British Industries, Tothill Street, London, 8.W.1. 


Nov. 25th. Eve of Symposium Reception, Washington 
Hotel, Curzon Street, London, W.1. 6 p.m. 


Nov. 26th 9.30 a.m. to 12.50 p.m. “ Corrosion of Pro- 
duction Equipment and Gathering Lines and its Prevention,” 
by G. A. Lee and G. A. Haines; “Corrosion of Marine 
Structures and its Prevention,” by G. T. CoLeGater. 

2.30 p.m. to 5.30 p.m. “Corrosion of Tanker Hulls and 
its Prevention,” by J. G. Ropinson and K. FLemine ; Recent 
Developments in the Protection of Pipelines and Storage 
Tanks,” by H. B. Foorner and P. W. HEeseLGRave. 

Nov. 27th 9.30 a.m. to 12.30 p.m. 
in Salt Water Cooling Systems” 
and E. D. Doan. 

2.30 p.m. to 5.30 p.m“ Non-Destructive Testing,”’ by L. 
WILKINSON and P. 8. Cotten; ‘* Developments in Corrosion- 
Resistant Materials,’ (a) Metals,’ by G. L. Swares; (b) 
* Non-Metallic Materials,” by I. H. THomas and T. 8. 
McRoserts. 


* Corrosion Prevention 
(two papers), by P. T. 


25th November 


Institution of Mechanical Engineers. Thomas Hawksley 
Lecture. “ The Effect of Nuclear Radiation on Engineering 
Materials,’ by Pror. A. H. Cotrrety. 1, Birdcage Walk 
Westminster, London, 8.W.1. 6 p.m. 

Manchester Metallurgical Society. © Engineering Aspects 
of Civil Nuclear Power Stations "’, by B. D. Witison. Manches- 
ter Room of the Central Library, Manchester. 6.30 p.m. 


26th November 


Institute of Metals, Birmingham Local Section. “A 
Metallurgical Cocktail,” by M. A. WHEELER. College of Techno- 
logy, Gosta Green, Birmingham. 6.30 p.m. 

Institution of Mechanical Engineers. Applied Mechanics 
Group Discussion. ‘The Application of Creep Results to 
Engineering Design.” 1, Birdcage Walk, Westminster, London, 
S.W.1. 6 p.m. 

Institution of Plant Engineers, Sheffield and District 
Branch. ‘Some Modern Steel for the Engineer”’’, by E. 
Jounson. Grand Hotel, Sheffield. 7.30 p.m. 

Southampton Metallurgical Society. ‘“ Hydrogen in 
Steel”, by J. Hewrrr. Engineering Block, Southampton 
University. 7.15 p.m. 


27th November 


Institution of Plant Engineers, Birmingham Branch. 
Instrumentation in Industry with Particular Reference to 
Control of Temperature, Pressure Flow, Weight, ete.”’, by L. F. 
CourNn. Imperial Hotel, Temple Street, Birmingham. 7.30 p.m, 


METALLURGIA 


The Influence of Chromium Diffusion upon the Thermal 
Oxidation Properties of Steel and of Nickel- and 
Cobalt-Base Alloys 


By R. L. Samuel, Ing. Chim., A.I.M.,* and T. P. Hoar, M.A., B.Sc., Ph.D., F.R.I.C., F.1.M. + 


The enrichment with chromium of the surfaces of steels, and of nickel- and cobalt-base 


alloys, results in improved oxidation resistance. 


Even with intrinsically ovridation- 


resistant materials, the treatment, besides lowering the rate of oxidation, may also alter the 
nature of the oxidation, which may, in untreated material, proceed in an undesirable 
manner, such as by intergranular penetration. 


iron, nickel or cobalt considerably increases their 
resistance to thermal oxidation. Examples are 
the stainless irons and steels with 12-25°,, of chromium, 
nickel alloyed with 20-40°, of chromium, and cobalt 
alloyed with 25-35°, of chromium. Pure iron, nickel 
and cobalt (and iron, nickel and cobalt containing small 
amounts of chromium) are relatively readily oxidized. 
Since thermal oxidation is a surface reaction, the en- 
richment with chromium of the surfaces of iron-, nickel- 
and cobalt-base alloys is a logical method of improving 
their resistance to thermal oxidation. | Chromium 
diffusion or * chromizing “'* is an effective way of 
achieving this. 


Ti E addition of substantial amounts of chromium to 


General Characteristics of Chromium Diffusion 


Most methods of chromium diffusion rely upon the 
reaction, at temperatures of 850-1,200° C., of a chromium 
halide upon the surface of the metal to be chromized. 
Processes may be gaseous (retorts containing the metal 
to be chromized, over which chromium-bearing gas is 
passed), or semi-gaseous (boxes or retorts containing also 
chromium or a high chromium alloy and a controlled 
atmosphere).! 4 

The general characteristics of the diffusion coatings are 


* Formerly Technical Director, Diffusion Alloys, Ltd., London ; now with Metal 
Surfaces Research Laboratories, London 
+ Department of Metallurgy, University of Cambridge. 
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Fig. 1..-Thickness of coating obtained by chromium 
diffusion at 1.100 C. for various times of treatment. 
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shown in Figs. 1-4, which relate to the process utilizing 
chromium iodide as the gaseous chromium compound 
for the treatment of dead-mild steel (0-1°, C): the 
conditions of processing ensured a constant “ satura 
tion supply of chromium at the surface. The full line 
in Fig. 4 (concentration of chromium in relation to dist 
ance from surface) represents the condition of a specimen 
after treatment. When such a specimen is reheated at 
temperatures within or above the processing range, there 
is a further inward diffusion of chromium dependent 
upon time and temperature ; this is slower than diffusion 
with a saturation supply of chromium at the surface 
Such “ secondary ” diffusion, represented by the dotted 
line in Fig. 4, and illustrated in Figs. 5 and 6, causes a 
lowering in the chromium content at the surface and a 
migration inwards of the coating boundary, which, in the 
case of a low carbon steel, occurs at a concentration of 
approximately 12°, chromium The effect may be 
important in the thermal oxidation of chromized 
materials, because it may attain appreciable proportions 
at the temperatures of utilization of the treated parts 

In all heat-resisting materials, the protection of the 
surface depends upon the formation of a stable oxide 
film. The degree of protection depends upon the com- 
position, continuity and adhesion of the film. The 
diffusion rates of metal ions, oxide ions and oxygen 
through the film must be as low as possible; Kubas- 
chewski and Hopkins® have summarized the general 
theory. 
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Fig. 2.—-Thickness of coating obtained by a 4-5 hour 
chromium diffusion treatment at various temperatures. 
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Fig. 3.. Average chromium content of the coating formed 
on low carbon steels at various temperatures. 


In alloys of iron, nickel or cobalt containing consider- 
able amounts of chromium, preferential oxidation leads 
to the formation of Cr,O, or of spinel-type oxides such as 
Cr,0,.FeO, Cr,O,.NiO or Cr,O,.CoO. From the point of 
view of oxidation-resistance, spinel formation is un- 
desirable, according to Preece and Lucas,® although 
Hauffe’ considers, on the contrary, that it is helpful. 
There is a higher proportion of chromium in the oxide 
film than in the surface alloy, of which the chromium 
content falls as the oxide film grows. Thus the oxidation 
properties of a diffusion coating depend upon :- 


(a) the intrinsic rate of oxidation corresponding to 


the surface (actually coating) composition, 
(b) the secondary diffusion effect, which lowers 
the chromium content of the coating quite apart 
from any change due to its oxidation. 

Factor (a), which is similar to that for plain alloys, is 
the only important factor in the moderate range of 
temperatures, say up to 900° C., for a low carbon steel. 
Factor (b) becomes increasingly important as the tem. 
perature is raised above 900° C., when the interdiffusion 
rate of chromium and the basis material reaches serious 
levels, and thus leads to an increase in the overall rate 
of oxidation in the higher range of temperatures. The 
problem is, therefore, a complex one depending upon. 
among other things, the nature of the basis material. 


Structure of chromium-diffused mild steel. 


Fig. 5. (left) 
Marble's reagent. 


Fig. 6 (right) Structure of the same specimen as Fig. 


reheating 1 hour at 1,200 


4s 
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Chromium concentration as a function of depth 


Fig. 4. 
The 


below the surface of chromium-diffused mild steel. 
broken curve illustrates the effect of re-diffusion. 


Method of Testing 

In the experiments here reported, oxidation rate was 
measured by the increase of weight due to oxygen uptake 
on cylindrical specimens approximately | em. in dia. 
lem. high. These were suspended by means of platinum 
wires in thermostatically controlled vertical tubular 
electric furnaces. A slight air draught of constant in- 
tensity was maintained by means of openings at both 
ends of the heated tube. Several furnaces were mounted 


side by side on a rigid metal frame fitted with rails on top, 
along which an analytical balance could be moved to any 
desired position. 

Weighings were taken on the hot specimens at 24-hour 
intervals. A period of slow cooling, followed by reheating 
in 2 hours to temperature, was allowed after every 100 
After completion of the 


hours of continuous heating. 
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5, after Fig. 7._-Air oxidation of chromium-diffused 

100 mild steel (0-1°, C) at various temperatures. 
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Fig. 8 (left) 
oxidation. 
Fig. 9 (right) 


air oxidation at 1,000 C. for 36 hours. 


oxidation (scaling, blistering, ete.). Micro-examinations 
were carried out on sections in order to reveal further the 
nature of the oxidation (e.g. sub-scale formation) and 
any effects upon the microstructure. 


Experimental Results 
PLAIN CARBON STEELS 
Dead-Mild Steels.—The weight increases of a chrom- 
ized 0-1°,, carbon steel at temperatures varying from 
700-1,000° C. are shown graphically in Fig. 7. The 
curves corresponding to temperatures of 700, 800 and 
900° C. show a slow rate of oxygen uptake, becoming 
almost negligible, behaviour similar to that of a con- 
ventional heat-resisting alloy. In contrast, the curves 
for 950 and 1,000° C. show a sharp upward trend, after 
an initial slow rate. This is caused by the superimposi- 
tion of the effect of secondary diffusion upon the oxida- 
tion rate of the orginal surface. 


The oxide film was usually continuous, with a rate of 


growth broadly equal at all parts of the surface, as shown 
in Figs. 8 and 9. 


Medium and High Carbon Steels.—The effect 
of carbon content of the basis steel upon its rate 
of thermal oxidation after chromizing is shown 
in Fig. 10, which refers to tests at 950°C., a 
temperature sufficiently high to lead to marked 
differences in oxidation behaviour. Figs. 11-14 
illustrate features of the oxidation mechanism. 


There are two salient points : 


(a) The Chemical Composition of the Steel. 
Carbon in the steel retards diffusion of chromium 
in depth and, as a result, coatings obtained on 
high carbon steels are thin but of high chromium 
content. Part of this chromium is present in the 
form of carbides. The rate of oxidation is 
consistent with a chromium content of the order 
of 50°, or more, and secondary diffusion is slow. 


(b) The Structure underneath the Coating. At 
950° C., all the steels giving the results shown 
in Fig. 10 are in the single-phase austenitic con- 
dition. On cooling, the 0-2°,, carbon steel trans- 


forms to a nearly completely ferritic structure, 
and the 1°, carbon steel transforms to a 
completely pearlitic structure. The 0-4°,, car- 
bon steel, however, develops about equal am- 
ounts of ferrite and pearlite, and this structure 
probably introduces stresses in the coating 
during cooling, causing fractures that expose 
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Structure of chromium-diffused mild steel before 


Structure of the same specimen as Fig. 


test, each specimen was examined visually for type of 


Fig. 11 (top left) 
Fig. 12 (top right) 
Fig. 13 (bottom left) 

Fig. 14 (bottom right) 
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Fig. 10. Air oxidation of chromium -diffused 


carbon steels (0:2, 0-4 and 1-0", C.) at 950 C. 


the core at places and considerably increase the net 
rate of subsequent oxidation. 

Fig. 12 shows a typical ** mushroom ”’ of oxide that 
has developed at a crack in the coating, clearly illustrating 
iron diffusion outwards through the growing oxide film, 
as first demonstrated by Pfeil. The coating itself is 
seen to be searcely oxidized. Evidently, the micro 
structure of the metal immediately underneath the coating 
may be a determining factor in the oxidation resistance 
of the chromized processed material. 


Fig. 15, after Sully, Brandes and Brown!’ shows the 
comparative behaviour of two types of aluminium 


C steel. 
50 


Structure of chromium -diffused 0-4°, 
Etched Nital. 

Structure of the same specimen as Fig. 11, after 

air oxidation at 950 C. for 138 hours. 50 


Structure of chromium -diffused 1°, C steel. 
Etched Nital. - 50 
Structure of the same specimen as Fig. 13, 


air oxidation at 950° C. for 307 hours. - 50 
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Fig. 15.--Comparison between chromium diffusion and 
aluminium coatings on a 1°,, C steel at 700 C., continuous 
heating (after Sully, Brandes and Brown'’). 


coated steel and of a chromized 0-1°,, carbon steel at 
700° C. in a 1,000 hour continuous heating test, together 
with a curve for untreated steel. The superior oxidation 
resistance of the chromized material is very marked. 


Low-ALLOY STEELS 


The general behaviour of low alloy steels is similar to 
that of plain carbon steels. Thus, Fig. 16 gives typical 


results for the following steels. 
1% Cr-Mo-V Steel (O- 10% C) 
This steel develops a homogeneous microstructure 
underneath the coating on cooling. 


The rate of oxida- 
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Fig. 17. Air oxidation of creep-resisting austenitic steel 
at 950° C. 
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Air oxidation of chromium-diffused low alloy 


Fig. 16. 
steels at 800 C. and 900 C. 


tion is low at 800°C. ; at 900° C. the effect of secondary 
diffusion is noticeable. 

Cr-Ni-Mo Steel (0-07°, 

This steel develops a non-homogeneous microstructure 
underneath the coating on cooling, and tends to fail 
in the same way asa 0-4°,, carbon steel. Even at 800°C. 
the net rate of oxidation 1s considerable. 


HicgH-ALLOY STEELS 


A creep-resisting austenitic steel that has found 
considerable use in gas and aircraft turbines has nominal 


composition: C, 0-4°,: Mn, 0-8°,: Si, 1-0°,: Ni, 
3%: Cr, 18%: Co, 0%: Mo, 2%: Nb, 3-0%; 
W, 2-5°,; Fe, balance. This steel possesses a measure 


of intrinsic oxidation resistance. The effect of chromium 
diffusion is shown in Fig. 17; after 400 hours at 950°C. 
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Fig. 18. -Air oxidation of nickel-base alloys A, B and C. 
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the amount of oxidation on the chromized sample is 


approximately one-sixth that of the untreated material. 
The secondary diffusion effect is insignificant. 3,000 ———— UNTREATED zc 
CHROMIUM DIFFUSED 
NicKEL-Bas& ALLOYS 
Nickel and nickel alloys can be chromized in the same § r 
manner as irons and steels. The general properties of the gz L 
coatings have been described elsewhere.'' and we shall E 
limit our discussion to three alloys, A, B and (, that are 2 =— 
widely used for high temperature applications. These $ 7 
have typical compositions : 
A B 2 
Carbon 0-04°, 0-068, 0-099) 
Titanium 1-8-2-7% 2-25% 2-84% 
Chromium 18-21% 18-21° 19-99% 1-000F 
\luminium 0-5-1-89, 1-24% 1-70% < 
Silicon max 1-5", max. 1-0°. max 
Manganese 1°, max 1°, max. 1°, max. = 
Iron 5° max. 5°, max. 5°, max. 
Cobalt 2°, max. 15-2% 16°5% 
Copper 0-5% max. 
Nickel Balance Balance Balance 


These alloys, in addition to having considerable strength 
at high temperatures, are classified as oxidation-resistant. 


Structure of chromium-diffused nickel-base 


Fig. 20 (top left) 

alloy A after air oxidation at 950 C. for 450 hours. .~ 190 

Fig. 21 (top right) -Structure of untreated nickel-base alloy A after 

air oxidation at 950 C. for 450 hours. 190 

Fig. 22 (centre left) -Structure of chromium -diffused nickel-base 

alloy after air oxidation at 950 C. for 380 hours. 

Fig. 23 (centre right) Structure of untreated nickel-base alloy C 
after air oxidation at 950 C. for 380 hours. 

Fig. 24 (bottom left) -Structure of the same specimen as Fig. 22, 

showing details of oxide inclusions. 190 

Fig. 25 (bottom right) Structure of the same specimen as Fig. 23, 

190 


showing details of oxide inclusions. 
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Fig. 


TIME 


Same data as Fig. 18, 


nr 
19. ** parabolic "' plot. 
However, they may develop intergranular oxi- 
dation when subjected to prolonged exposure 
to oxidizing atmospheres at temperatures of 
heat-treatment or of utilization. The mechanism 
of this oxidation may well chromium-, 
aluminium- and titanium-oxide precipitation at 
grain boundaries and near the surface.'*, 1 

By diffusing chromium into the surface of these 
alloys, it is possible to alter their oxidation 
characteristics. Fig. 18 illustrates the compara- 
tive rates of oxidation at 950 of alloys A, B 
and C'in the chromized and untreated conditions 
when tested as described above. It can be seen 
that all the chromized materials show a much 
reduced rate of oxidation and fall within the 
same range, irrespective of the basis material. 
Evidently the high surface chromium content 
largely cancels out the effect of differences of 
composition in the underlying alloy. In Fig. 19 
(weight increase unit area)* is plotted as ordin- 
ate. All the points relating to chromized 
materials fall on a group of nearly coincident 
straight lines indicating nearly parabolic” 
oxidation. In marked contrast, the untreated 
materials show higher rates of oxidation not 
following a simple law, probably because of a 
complex mechanism of oxidation. 

The differences in the nature of the oxidation 
are illustrated in Figs. 20-24. The following 
general features are apparent : 

(a) The extent of the zone affected by oxida- 

tion is reduced in the treated specimens 

(4) The chromized specimens exhibit oxide 

inclusions which are generally small and 
distributed throughout the surface alloy. 
In the untreated specimens, massive oxide 
inclusions, preferentially distributed along 
grain boundaries, are formed. 
Clearly, through the alteration of the type of 
oxidation, chromium-enrichment at the surface 
may have a profound indirect influence upon the 
physical properties of this group of alloys at 
elevated temperatures, apart from its direct 
influence upon the rate of oxidation. 
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Fig. 26. Air oxidation of cobalt-base alloys D and E. 


CoBALT-BasgE ALLOYS 


Two alloys, D and E, of the high temperature, creep- 
resisting type were tested. The compositions were : 
D EB 
(casting variety of D) 
Carbon 
Manganese 
Silicon . 
Nickel 
Chromium 
Cobalt 
Molybdenum 
Niobium 
Vanadium 


Iron Balance Balance 


Their oxidation rates at 950° C., in the chromized and 
untreated conditions, are shown in Figs. 26 and 27. The 
qualitative behaviour of these alloys is similar to that of 
the nickel-base alloys, and the remarks made in the 
preceding section broadly apply. However, the absolute 
rates of oxidation are appreciably higher, although in the 
case of the chromized specimens they appear to follow 
approximately the simple parabolic equation. 

It may be noted that Preece and Lucas® found, for the 
simple binary cobalt-chromium alloys, high oxidation 
resistance only with a chromium content greater than 
25°,, : below this, the cobalt chromite spinel forms in the 
oxide film, which is much less protective. It is thus not 
surprising that the increase of surface chromium content 
in alloys D and E (19°, Cr) by chromizing improves their 
oxidation resistance. 


Summarized Conclusions 


It seems clear that surface chromium diffusion can 
provide better oxidation resistance for a wide range of 
materials. Such treatment does not necessarily alter 
the bulk properties of an alloy, which may well have been 
formulated with properties other than oxidation resist- 
ance primarily in mind. Plain carbon and low alloy 
steels, materials that are not inherently oxidation- 
resistant, can be very considerably protected by a surface 
layer of chromium-rich alloy, and thereby brought to the 
level of a high alloy steel. When intrinsically oxidation- 
resistant materials, such as high alloy steels and nickel- 
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Fig. 27. -Same data as Fig. 26, parabolic plot. 


or cobalt-base materials, are chromized, the treatment 
often has the useful dual effect of further lowering the 
rate of oxidation and of altering the nature of the oxida- 
tion, which may, in the untreated material, proceed in 
an undesirable manner such as by intergranular pene- 
tration. 

We have represented each group of materials by typical 
examples ; this paper does not by any means cover the 
whole range of available alloys and treatments. Particu- 
larly when dealing with compiex alloys, it is difficult 
and indeed dangerous to generalize, and each case must 
be studied separately. However, the results described 
above apply broadly (though not quantitatively) to 
many other alloys in the respective groups. 

Chromium-diffusion can also produce a marked 
reduction in the oxidation rates of many alloys in the 
presence of the combustion products of fuels, such as 
CO, CO,, SO,, H,8, ete. This is a wide subject that 
cannot be considered within the scope of simple thermal 
oxidation. 

Considerable industrial use is already being made of 
chromium-diffused coatings,'4 and a more general know- 
ledge of their properties will no doubt bring to light many 
other practical applications. 
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B.W.R.A. 


Research on 
Welding Processes 


and 
Welded Products 


T has been customary for some years past for the 
I Open Day at the British Welding Research Associ- 

ation’s Lahoratoriesat Abington Hall, nearCambridge, 
to be held annually, but this year’s was the last until 
1961, and a large number of members took advantage 
of the opportunity afforded to see something of the 
work in progress. The Open Day was also the occasion 
of the Annual Luncheon, and in proposing the toast to 
The Association,” Sir Alexander Fleck, K.B.E., F.R.S., 
Chairman of Imperial Chemical Industries, stressed the 
importance of the role the B.W.R.A. has to play in 
influencing the development of welding technology in 
the United Kingdom. 

“The variety of industries served by the Welding 
Research Association is probably as wide as that served 
by any of the other forty-eight such bodies, and I am 
sure,’ said Sir Alexander, ** that this is both a strength 
and a weakness. It is a strength because the Association 
can cast its pet wider afield for its financial resources, 
and also because the important advances that are made 
by the Association can find wider application ; but at 
the same time it is a weakness because such diffuse 
contact with industry in general is not conducive to 
the development of any kind of corporate spirit. In 
other words, only the manufacturers of welding equip- 
ment can speak of the B.W.R.A. as ‘our research 
association’; the users, who form the bulk of the member- 
ship, are not, on the other hand, an easily definable 
group, covering as they do about twenty industries, so 
with them the sense of belonging to the Association 
cannot be so highly developed. As a result of this, it is 
doubtful whether the Association receives as much 
support from some quarters as it should. 

* I know of no reliable way of estimating the number 
of firms who ought to support the work of the Association, 
and how much they should give,’ continued Sir Alex- 
ander, “ but certainly the engineering, shipbuilding, 


electrical goods, metal manufacturing, vehicle and 
chemical industries should be well represented, as should 
the nationalised industries. Taken together, these 
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Sir Alexander Fleck (facing camera) with the Director Dr. R. Weck 


(left) in the Fatigue Laboratory. 


categories are estimated to spend over £170 m. annually 
on research and development, i.e. private and govern- 
ment sponsored, and if only one-thousandth part of this 
sum were given to the Association, it would get what it 
needs from industry to discharge its responsibilities 


under its new five-year plan. This is surely not an 
extravagant sum for these industries to set aside, bearing 
in mind the tangible benefits which accrue from syste- 
matic welding research. 

** When one considers that in the United States the 
Welding Research Council spends about a million dollars 
a vear on basic research alone, one realises the danger 
that Great Britain runs of falling far behind in welding 
technology. We may be quite sure, too, that the Russians 
are spending large sums in this field, and are also very 
active in teaching their engineers welding technology. 
Against this background it is clear that the B.W.R.A. 
has a particularly important role to play in influencing 
the development of welding technology in the United 
Kingdom, and doing so with resources which it recog- 
nises as inadequate to meet the country’s needs.” 


EXHIBITION OF WORK IN PROGRESS 

For the benefit of visitors, interesting displays of 
exhibits designed to present a cross-section of the work 
in progress were staged in the appropriate laboratories, 
where members were afforded the opportunity to discuss 
with members of the staff the problems under investi- 
gation. In the following pages, brief reference is made 
to some of the items which may be of interest to readers. 


Welding Process Laboratory 


This laboratory is concerned with investigations of 
welding processes, and houses a comprehensive range 
of fusion welding equipment, provided with adequate 
instrumentation and capable of automatic operation 
wherever possible. Additionally, a large number of 
members’ problems relating to the selection and use of 
welding processes is handled each year. 

Considerable interest is at present being shown in 
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Part of the Metallurgical Laboratory with an exhibit illus- 
trating the joining of dissimilar metals. 


the bare wire CO, process for welding steel, and such 
aspects as spatter, recovery of alloy additions, and 
weld properties are being investigated in relation to 
welding conditions. Low voltages and high currents 
produce optimum spatter results, and high currents 
result in better recovery of elements in the filler wire : 
they also tend to increase the carbon content by pick-up 
from the gas shield. The mechanical properties of 
CO, shielded welds made using a filler wire deoxidised 
with aluminium and titanium, compare favourably with 
welds made in pure argon and argon-oxygen mixtures. 

The way in which metal is transferred from the wire 
to the weld pool has been studied by the oscillographic 
examination of are voltage. Current and wire diameter 
mainly control the size of particle transferred, although 
are voltage is not without influence because with a short 
are the size of droplet which can be formed is limited. 
Spatter is much reduced by operating with a short are, 
hut a power source of flat characteristic is necessary to 
be able to run an are at the low voltages required. The 
short circuit current must be controlled to avoid the 
explosive fusing of droplets from the end of the wire, 
which can cause splashing and spatter. 

In an investigation into the welding of sheet thinner 
than 14 s.w.g. by the CO, process, the problems of un- 
favourable metal transfer, spatter and irregular bead 
appearance have been solved, and welds made in a 
variety of materials, including low alloy and stainless 
steels, and Nimonic alloys. 

Research is in progress to determine the factors 
controlling the transfer of droplets from an electrode 
across an arc, with a view to increasing the range of gas 
shielded welding processes. Using a specially constructed 
precision welding head, the relationships between current 
and burn-off rate ; current, voltage and particle transfer 
frequency ; and voltage, current and feed rate are being 
determined for iron, magnesium, copper, nickel, titanium, 
zirconium and alloys of these elements. 

The change from spray transfer to globular transfer 
in the gas shielded welding of aluminium depends on the 
diameter of the electrode wire being used. The wire 
feed-rate welding-current relationship has been deter- 


mined for aluminium wire from } in. to 4, in. diameter. 


On the assumption that welding cannot generally be 
done with globular transfer, this information has defined 
for aluminium the lower working limit of the inert gas 
metal are process. With wire of A in. diameter and less, 
it appears that sufficiently low welding currents can be 
used to weld sheet material which it was previously 
considered impossible to weld. A hand torch developed 
by the Association to feed fine wires is being used to 
explore the welding of thin aluminium and steel sheet. 


General Metallurgical Laboratory 


As part of a long term investigation into the weldability 
of alloy steels, steel specimens are charged with hydrogen 
at 950° C. in a small furnace and quenched in a stream of 
argon gas. The quenched specimens are tested to 
fracture, and the drop in properties due to hydrogen 
has been found to be more severe in sheets which have a 
greater tendency to heat-affected zone cracking. The 
effects of hydrogen content and severity of cooling on 
heat-affected zone cracking are thought to be linked by 
a hyperbolic relationship, but this cannot be determined 
until a more complete range of hydrogen contents has 
been achieved in the weld metal. Bare wire welding in 
an atmosphere of argon with controlled humidity is 
being used to obtain weld metal with a hydrogen content 
intermediate between the values given by rutile covered 
and low-hydrogen electrodes. A new wedge test for 
heat-affected zone cracking provides a range of cooling 
severities in one specimen and, although it is not in- 
tended to replace the C.T.S. (controlled thermal severity) 
test, it is simpler and will speed up research. 

In studying the mechanism of cracking in fully 
austenitic weld metal, a knowledge of the temperature 
at which cracks form would be very useful. The Associ- 
ation has developed apparatus for obtaining this infor- 
mation by simultaneous measurement of the temperature 
and electrical resistance of a cooling weld nugget. 
The ductility of austenitic steels at high temper- 
atures is being examined as part of an investigation into 
the problem of parent metal cracking of weldments. 
Ductility temperature curves, plotted from torsion tests 
carried out on heating to and cooling from a temperature 
close to the melting point, have shapes which appear to 
bear a relationship to the known tendencies of the 
materials to cracking. With the increasing use of 
nuclear power stations to meet base load requirements, 
present stations having austenitic steam piping may be 
shut down overnight, with resultant cyclic application 
of stress to parts of the steam plant. Conventional 
creep testing equipment has been adapted so that a 
specimen can be subjected to a variable strain cycle at 
high temperature to simulate operating conditions. 

There are advantages to be gained by welding domestic 
hot water cylinders rather than brazing them, but argon 
are welding of thin gauge phosphorus-deoxidised copper 
without filler wire results in porosity. The Association 
has shown that success may be achieved by substituting 
zine-deoxidised copper for the phosphorus- 
deoxidised material. At present the former is more 
expensive, but its use on a large scale would probably 
eliminate this disadvantage. Both argon and nitrogen 
have been used as the shielding gas in the consumable 
electrode welding of copper, the former giving smoother 
metal transfer and the latter greater penetration. By 
mixing them the advantages of each can be combined, 
a suitable compromise containing 20-30°, nitrogen. 

Still in the copper field, the problems of cracking and 
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embrittlement after multi-pass welding single phase 
aluminium-bronze are being investigated by studying 
the high temperature strength and ductility of various 
weld metal compositions following a thermal cycle 
designed to simulate actual welding conditions. 

The Association has recently completed its work on 
titanium, in the course of which particular attention was 
given to such factors as the mechanism of gas shielding 
when welding in the “open air”, and the effect of contam- 
ination by oxygen and nitrogen, both when present in 
depth in the weld metal, and as a surface effect. Exhibits 
relating to the welding of reactive metals—such as 
titanium and zirconium—included reference to the effect 
of gases on reactive metals; the mechanism of the 
development of porosity in butt-welded titanium ; gas 
shielding equipment for welding reactive metals in the 
‘open air” and equipment for welding in a chamber 
filled with shielding gas. 

Weld metal deposited in certain ways has a high ratio 
of yield to ultimate strength, and is also stronger than 


cast or wrought metal of the same composition. The 
reason is of intrinsic interest in’ welding research, 


because if the mechanism were understood, the effect 
could possibly be controlled to advantage. Weld metal 
deposits made by various welding processes are being 
examined for their mechanical properties and by electron 
microscopy. 

Resistance Welding Laboratory 

When steels with carbon contents exceeding about 
0-15°, are spot welded, a hard brittle structure is 
formed as a result of the high quench rate inherent in the 
process. Investigations in progress are aimed at a 
reduction in the large amount of experimental work 
normally necessary to determine the best post-weld 
heat treatment to apply in the spot welding machine to 
improve the ductility at the spot weld. The measure- 
ment of non-sinusoidal currents ; the study of tempera- 
ture cycles in spot welds ; the determination of suitable 
tests for weld ductility ; and the assessment of metal- 
lurgical structures produced by post-weld heat treat- 
ment have all required consideration. During the past 
year, the main effort has been directed towards the last 
of these, and the effects of such heat treatments on spot 
weld ductilities have been correlated with the structures 
produced. 

The resistance stud casting process was again displayed 
in the hope that further suggestions for its application 
in industry would be forthcoming. The process is based 
on the discovery that metal may be expelled from a spot 
weld nugget into a mould on the electrode, where it is 
cast to form a stud on the weldment. 

An interesting exhibit in this laboratory concerned 
an investigation carried out under contract. The 
problem arose from the necessity to measure tempera- 
tures within nuclear fuel elements. It involved the 
making of a leak-proof junction between the magnesium 
alloy lid of a nuclear fuel can and the stainless steel 
sheath of a thermocouple cable. The various stages in 
making and testing the joint were shown. 


Fatigue Laboratory 
In a study of the influence of fabrication technique on 
the fatigue strength of welded thin-gauge heat resisting 
alloy components, such as are used in jet engines, tests 
are being made on manual and automatic argon arc 
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Part of the Resistance Welding Laboratory showing some 
of the jobs that have been carried through to assist mem- 
bers during the year. 


welds in Nimonic 75, 80A and 90.) For a given sheet 
thickness, the variables are testing temperature, stress 
evele, post-weld heat treatment, welding process and 
surface treatment. Other work on these alloys includes 
a comparison at room temperature of two series of spot 


welds in Nimonic 75 sheet, with and without “ radio- 
graphic defects such as small cracks and cavities 


Because of the dominant stress concentration effect of 
the edge of a spot weld, both the modes of failure and the 
strengths were similar for the two series. Argon are 
welds in commercially pure titanium have been tested 
in order to observe the effect, if any, of surface contami- 
nation (oxidation) on tensile fatigue properties. Some 
fatigue data for argon are welded titanium alloy (5°, Al, 
24% Sn) have also been obtained. 

In the light alloy field, the influence of reinforcement 
shape on the fatigue strength of butt-welded NPS 6 
aluminium alloy plate is being investigated. The auto- 
matic self-adjusting are process is being used in this 
work in order that the reinforcement shape can be 
varied in a controlled manner. Where no particular 
precautions are taken to control this shape, tests on 
NPS 6 and H30 plate, welded by the argon arc, self- 
adjusting are and metal are processes have shown that 
the welding process is not, in itself, a critical factor in 
determining the fatigue strength. Preliminary fatigue 
tests on plain specimens of H15 in the clad and unclad 
form have shown that the cladding lowers the fatigue 
strength appreciably, and it is expected that similar 
differences will exist after welding. 

In order to help in assessing the seriousness of defects 
in welded joints revealed by non-destructive testing, 
fatigue tests are being made on such joints. What look 
like major defects often have little effect in’ tensile 
testing, and it is felt that fatigue testing will be more 
severe. As a preliminary to this work, techniques have 
been established for the controlled production of such 
defects as slag inclusions, porosity and lack of penetra- 
tion. 

The failures which sometimes occur soon after the 
return to service of worn shafts which have been reclaimed 
by welding are usually associated with a condition of 
dynamic stressing. The work planned in a study of this 
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A view of the Fatigue Laboratory showing 100 ton fatigue machine, 
high pressure fatigue machine, and tests on stiffened beams. 


problem makes provision for a study of pre-and post- 
welding heat treatment. Tests to date suggest that the 
presence of defects might interfere with the comparison 
of heat treatments, as failure has usually originated in 
isolated defects at or near the surface : good results are 
obtained when such defects are absent. 

Fatigue tests on plate specimens representing part of a 
water tube boiler, and containing an array of holes in 
which diameter, pitch, longitudinal spacing and rake 
can be varied, have shown that there is good correlation 
between fatigue behaviour and stress distribution as 
indicated by photoelastic analysis. The results are 
expected to form a basis for reviewing the present-day 
design methods employing mean ligament stresses. 
Other fatigue tests in progress on parts of structures 
rather than normal test pieces include the pulsating 
pressure tests on thick-walled pipe specimens containing 
circumferential butt welds, and the study of the damag- 
ing effect of attaching a web stiffener to the tension 
flange of a beam 

In cases where the fatigue strength of a welded joint 
is determined by the presence of a localised notch, as 
with discontinuous longitudinal welds. large increases 
in fatigue strength may be obtained by inducing residual 
compression at the notch, either by spot heating or local 
mechanical compression. Examples of the application 
of this principle to service problems were shown, and it 
was demonstrated that the two methods also increase the 
fatigue strength of suitable details in aluminium alloys. 


Pressure Vessel and Pipe Line Laboratory 


The immense size of nuclear reactor pressure vessels, 
and the impossibility of routine inspection, necessitate a 
more critical estimate of strength than is customary for 
pressure vessels of conventional size. Furthermore. 
certain features, such as fuel charge nozzles and cooling 
gas duct entries, are not capable of satisfactory tradi- 
tional design. Some calculations have been made of the 
stresses due to pressure at duct entries, and experimental 
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stress analysis of models of fuel charging 
nozzles have been made. 

Pulsating pressure tests of nozzle details 
have been performed on 20 in. bore pressure 
vessels, and the results have confirmed that 
the traditional method of strengthening 
a branch connection by means of a welded 
external collar does little to improve the 
resistance to fatigue failure, which is, 
however, extremely unlikely whether the 
connection is reinforced or not. Stress 
measurements round unreinforced 10zzles 
of a very thick drum have confimed the 
prediction that the stress concentration fact or 
for flush-fitting. unreinforced noz2!es would 
be smaller in a drum of large thickness - 
diameter ratio. Whilst some increase in 
design stress would be tolerable, without 
any reduction in the stress concentrations 
existing at unreinforced nozzles, it would be 
desirable to achieve the maximum increase 
by a small improvement in nozzle detail 
design. The results of stress measurements 
on the protruding nozzle show that this is 
one design modification which diminishes 
stress concentrations. 

Asa rational alternative to the conventional 
pad reinforcement of manholes, the use of tubular rim re- 
inforcements has been investigated. Such designs show a 
great economy in material and welding, and as stress 
calculation methods have been found to agree with 
measurements on quarter-scale models, design dimen- 
sions have been calculated for a range of manhole sizes. 
for various values of stress concentration factor. 

The value of the frozen stress technique in the determi- 
nation of stresses at details in pressure vessels is being 
explored initially by obtaining photo-elastic analyses of 
components similar to the steel constructions tested earlier. 
This will permit a comparison of photo-elastic and strain 
gauge measurements. It is expected that the method 
will prove more rapid and no less accurate than strain 
gauge measurements, and will permit results to be ob- 
tained for a wider range of variables. 

When furnace treatment is not possible, cireumferen- 
tial welds in pressure vessels or pipes are sometimes stress 
relieved by applying heat to a narrow band around the 
vessel. The temperature gradient along the vessel 
induces thermal stresses, which may cause yielding of the 
hot metal near the weld. On cooling, a secondary resi- 
dual stress system may appear, which has no relation to 
the original residual stresses due to welding. A logical 
choice for the heating conditions would be one which 
does not induce severe thermal stresses, and in order 
to make this choice possible an approximate relationship 
between the thermal stress and the width of the heating 
band has been determined. 


Brittle Fracture Laboratory 

Brittle fracture is known to have been occurring for 
over a hundred years, and although no class of structure 
is exempt, catastrophic failures may occur in welded 
structures because they provide a continuous path for 
the crack. Research work carried out by the Association 
in the last few vears has established that, for brittle 
fracture to occur: (a) the temperature must be below 
that at which a given type of steel fractures in this way 
(the transition temperature); (4) there must be some 
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notch effect ; and (c) there must be residual stress in the 
structure: unless all these conditions prevail, brittle 
fracture cannot occur. The main safeguard, in, addition 
to a design which eliminates notch effects, is to relieve the 
residual stresses after welding should the structure be too 
large, the only sure way of avoiding the risk of brittle 
fracture is to choose a steel with a transition tempera- 
ture below that likely to be encountered in service. 

For some years B.W.R.A. has been testing butt 
welded steel plates Lin. thick and 36in. wide, but 
reactor vessel design calls for the use of 3 in. thick plate. 
To meet these requirements, there is now available a 
testing machine designed by B.W.R.A. and presented to 
the Association by Babcock & Wilcox, Ltd., which is 
capable of applying a load of over 2,000 tons to fracture 
36 in. wide by 3 in. thick welded plates. Because of the 
larger grain size, thick plates will frequently break in a 
brittle manner at higher temperatures than thin ones of 
the same composition. 


The Corrosion of Iron and Steel 


A comparison between low-hydrogen and rutile 
coated electrodes for welding notched wide plate speci 
mens shows that the latter, with a greater tendency for 
cracking across the weld at the notched zone immediately 
after welding, give lower brittle strengths at given tem 
peratures. 

Crack extension force (also called strain energy release 
rate) is the quantity which determines the possibility of 
cleavage crack propagation. It has recently 
shown by Irwin to be uniquely related to the stress 
distribution around the tip of the crack, and so may now 
be measured by photo elasticity 

By making use of all the knowledge obtained from 
B.W.R.A. tests and that at present possessed by the 
steelmaking industry, it is now possible to produce 
welded structures in 3 in. thick plate possessing a high 
degree of resistance to brittle fracture. This is a notable 
contribution to the development of 
veneration, 


been 


nuclear power 


Twenty Years’ Research Reported by Corrosion Committee 


HE Corrosion Committee, formed in 1928 with 
= Dr. W. H. Hatfield, F.R.S., as its first Chairman, 
has now been experimenting for more than thirty 
years, and the Sixth Report of the Committee, published 
by The Iron and Steel Institute, contains an account of 
its researches during the last twenty years of this period, 
The Report covers the corrosion of iron and steel in air, 
in soil, and in water, details the results of numerous 
experiments, and recommends methods of protecting 
ferrous) metals against atmospheric corrosion, soil 
corrosion, marine corrosion, and corrosion by industrial 
waters. 

A particularly interesting aspect of the experiments 
consisted in finding out the corrosion rates of different 
kinds of bare steels in different geographical locations. 
For example, tests have been made in the polluted air of 
industrial Sheffield, in the sea air of Calshot, and in the 
relatively pure country air of Llanwyrtyd Wells. The 
rates of corrosion of irons and steels in the soil have also 
been determined by burying specimens at various places 
for periods of from five to fifteen years, and immersion 
tests in the sea have been made by suspending specimens 
from rafts. 


Atmospheric Corrosion 

The atmospheric field tests have given a clear insight 
into the effects ef differences in the compositions of 
structural irons and steels on their corrosion rates in 
the bare condition. 
fractional percentages of alloying elements such as 
chromium, copper, and nickel to mild steel increases its 
resistance to atmospheric corrosion appreciably ; some 
low-alloy steels containing chromium and copper are 
at least three times as resistant to the atmosphere as un- 
alloyed mild steel. The differences between the various 
steels are, however, much marked, even non- 
existent, when they are immersed in water or buried in 
the soil. 

Parallel tests have been made with steels protected by 
paint, or metal coatings, or both. In the case of paint, 
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In particular, the addition of 


a very significant finding is that the life of the protective 
coating does not generally depend on the corrosion rate 
of the steel, but primarally on the surface preparation 
given to the metal before it is painted. Many different 
methods of surface preparation have been compared 
For atmospheric work the best was found to be to descale 
the steel by pickling or blasting, and to apply the priming 
coat of paint immediately afterwards 

The problem of selecting the best priming paints is 
complicated, and involves choosing the best combina 
tions of pigments and paint media with due regard to the 
material to be painted and the method of surface prepara- 
tion to be adopted. Field tests on priming paints for 
steel have been in progress for some time, in collaboration 
with the paint industry. In one set of experiments, tests 
are being made on a series of 100 priming paints in 
which each of a range of pigments is bound with each of 
several different kinds of medium. In other sets 91 
priming paints containing metallic pigments, and 55 
priming paints based on bitumen and tar, are being 
tested. 

The protection given to iron and steel by paint is 
materially improved by the additional use of coatings 
of non-ferrous metals, less susceptible to corrosion 
beneath the paint. This method of protecting steel is 
being used increasingly on bridges and other structural 
steelwork. In order to be able to give guidance on the 
technical problems involved in the use of these com. 
posite protective schemes, the Committee has undet 
taken an investigation into the suitability of different 
paints for use over metal coatings. These tests are 
being made on steels which are first coated with alu- 
minium or zine by spraying, and then painted 


High Temperature Corrosion 
The Report contains an account of investigations 
undertaken during the Second World War into the 
corrosion and protection of steel at temperatures up to 
350°C. These arose in connection with the protection 
of steel sheets used for anti-glare structures, which were 


exposed under sheltered conditions over pig-beds and 
coke-ovens to highly corrosive atmospheres polluted with 
steam and sulphur gases. In these circumstances, no 
significant improvement resulted from using low-alloy, 
copper-steels. Even the best painting schemes failed to 
provide adequate protection at temperatures much 
above 250°C. Vitreous enamel would probably have 
served at these higher temperatures, but under the 
prevailing wartime conditions the only practicable solu- 
tion was to use the thickest sheets available and allow 
them to rust to destruction. 

The corrosion of buried pipes is a major source of 
trouble in industry, and in an effort to solve some of the 
problems of soil corrosion the Committee has carried out 
numerous field tests with different irons and steels, and 
has tested the efficiency of various types of protective 


coating, notably hot-dipped tars and bitumens. 


Marine Corrosion 


Marine corrosion is a particularly important aspect of 
the Committee’s research. Immersion tests in sea water 
have been made on both bare and coated steel, and the 
results for bare specimens have shown that small varia- 
tions in the composition and structure of mild steel, 
such as result from different manufacturing processes, 
have no significant effect on its corrosion resistance. The 
addition of 3°, of chromium roughly halves the corrosion 
rate over a period of five years, but in general low-ailoy 
additions do not materially affect the corrosion rate, as 
they do in the case of atmospheric exposure. 

Extensive research has been devoted to the develop- 
ment of paints for underwater use. As a result, several 
reliable anti-corrosive compositions for ships’ bottoms 
have been formulated, some of which have given satis- 
factory service on H.M. ships and the “ Queens ”’ for 
many years, 

In parallel with the raft experiments needed for this 
work, service trials have been made on the bottoms of 
large ships. These have shown, for example, that there 
is no foundation for the belief that launching a vessel 
without painting the bottom will help to improve the 
performance of paint applied subsequently. 


Fundamental Studies 


In conjunction with the practical work that has been 
described, the Committee has paid considerable attention 
to fundamental studies of the theory and mechanism 
of corrosion, and to the development of laboratory 
corrosion test procedures. In the former field, it has had 
the valuable support of Dr. U. R. Evans, F.R.S., and 
the Cambridge school of investigators ; a summary of 
their work concerned with the corrosion of ferrous metals 
is given in the Report. 

As regards corrosion testing procedures, the Com- 
mittee’s investigations have revealed that it is im- 
probable that any satisfactory all-embracing laboratory 
corrosion test can be found. Laboratory tests are, 
however, of considerable usefulness for specific purposes 
and the Committee has assisted the British Standards 
Institution in checking the validity of two laboratory 
corrosion tests. These are the A.R.E. Salt Droplet Spray 
Test and the C.R.L. Sulphur Dioxide Beaker Test, both 
of which have been standardised by the Institution. 
Other work on laboratory test procedure has been con- 
cerned with the reliability of various types of non- 
destructive testing instruments for determining the thick- 
ness of metal coatings on steel. 


The Report is not, of course, final, because the Com- 
mittee’s work is continuing and, apart from this, the 
normal course of industrial progress will continue to 
produce new and better methods of protection. The 
Report does, however, represent an up-to-date exposition 
of knowledge of many aspects of corrosion of ferrous 
metals. As such it is an invaluable contribution to 
industry and should be read by anyone interested in 
problems of corrosion. 


Process Control in Oxygen Steelmaking 


A SPECIAL automatic control system will monitor an 
unusual steelmaking process when the Acme Steel 
Company's furnaceless plant begins production soon in 
Chicago. The system, developed by the American 
associates of Honeywell Controls, Ltd., will regulate and 
total the flow of oxygen to the converters. It will also 
monitor and control the temperatures of the converter 
exhaust gases so as to safeguard the precipitators 
through which these pass for removal of impurities. The 
£10 million plant—first steel-producing facility of its 
type in the U.S.—will use hot-blast cupolas to melt the 
iron, which will be made into steel by oxygen converters. 
The only other plant of this type is in Germany, where 
the process was pioneered in 1957. 

Each * heat ” of steel will require different amounts of 
oxygen, depending upon the composition of the charge— 
the molten iron—and the grade of steel to be produced. 
Totaliser controls, which will keep a precise check on 
the flow of oxygen to see that the right amount is deliv- 
ered to the converters, will be applied first. The custom- 
designed control systems—one for each of the plant’s 
two oxygen converters—are housed in two cubicle-like 
steel rooms, and among major components of the 
systems are electronic devices that constantly measure 
the flow of oxygen to the converters, and of water to 
cooling towers where the exhaust gas temperatures are 
lowered. This process information will be transmitted 
to separate recorder-controllers, which will compare the 
measurements against desired values. Any differences 
between them will result in the pneumatic positioning of 
oxygen and water line valves so that correct flows are 
maintained. 

Proponents of the furnaceless steelmaking process 
claim that a superior grade of steel can be made faster 
and at less cost than by conventional methods. Acme 
Steel has been a steel fabricator for 79 years, but the 
start-up of the furnace-less plant will mark its entry into 
the producing field. Projected initial capacity of the 
new plant will be 450,000 ingot tons annually, which will 
provide 70°,, of Acme’s requirements of billets and slabs 
for its own fabricating work. 


Hilger & Watts in the North 


Hirger & Warts, Lrp., makers of instruments for 
analysis, surveying, photogrammetry, metrology, and 
industrial inspection, have appointed a new representa- 
tive, whose area will be Yorkshire, Lancashire, Cheshire 
and North Lincolnshire. He is Mr. D. G. Heywoop, 
21, Kirkstall Road, Sheffield 11 (tel: Sheffield 64226). 
Mr. Heywood’s particular province will be the firm’s 
analytical instruments : spectrographs, polychromators, 
spectrophotometers, polarimeters, refractometers, ab- 
sorptiometers, colorimeters, etc. 
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Fretting Corrosion of Metals 


By R. T. Allsop, B.Sc., Ph.D. 


(G.K.N. Group Research Laboratory) 


Damage resulting from fretting corrosion is observed in a variety of engineering components 
including bearings, switchgear and bolted or riveted joints. 


The present review examines 


first the nature and occurrence of fretting corrosion and then discusses the various theories 


which have been proposed to explain the phenomenon. 


In a further section the effect of 


varying such factors as humidity, duration, load, etc., on the amount of damage occurring 
during fretting is considered. Finally methods of eliminating or reducing fretting 
damage are suggested. 


Influence of Various Factors on Fretting Corrosion 


Duration 

The results of Feng and Uhlig"! and Wright*® confirm 
quantitatively the common experience of engineers that 
fretting damage increases with the duration of the test 
when it is conducted in air. Although the above authors 
used different methods of measuring fretting damage, and 
somewhat different experimental conditions, it is of 
interest to compare the general form of the damage time 
(number of oscillations) relationship obtained in each 
case. Fig. 3 shows the type of curve obtained by Feng 
and Uhlig and Fig. 4 that produced by Wright. It can be 
seen that the latter is approximately linear and passes 
through the origin, whereas the former, although 
eventually becoming linear, shows that damage com- 
mences at a rapid rate and then decreases to a constant 
rate. Feng and Uhlig have referred to the initial stage 
of their experiments as a “* run in” period, 

Although, from a practical point of view, the relation- 
ship between damage and duration over relatively long 
periods is probably the more important, there is consider- 


(Continued from page 43 of the August issue) 


As mentioned previously, Feng and Rightmire have 
recently examined in detail the initial stages of fretting 
between steel surfaces in a variety of atmospheres. The 
results obtained in dry air are shown in Fig. 5, from which 
it can be seen that, contrary to the monotonic curve 
proposed earlier by Feng and Uhlig, there is, in the early 
stages, a plateau during which little additional damage 
takes place. The explanation of this discontinuity was 
considered in the earlier discussion of the theories of 
fretting corrosion. 


Composition of Atmosphere 

Several investigators have conducted fretting experi- 
ments in atmospheres other than air. In a dry nitrogen 
atmosphere, Feng and Uhlig" have observed (Fig. 6) that 
the damage which occurs is considerably less than that 
oceurring in air. Using an atmosphere of dry CO,, Feng 
and Rightmire? found (Fig. 7) that, although the 
plateau period in the early stages of fretting was much 
extended, the total damage occurring over long periods 


able theoretical interest in the form of the damage 6 
duration curve in the initial stage of the fretting process. 
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Fig. 3-Effect of duration of test on fretting of mild steel in 
dry air (pressure, 5,300 Ib. /sq. in.; frequency, 540 c. min.; 
slip, 0.0036 in.; average temperature, 33°C.) (after 
Feng and Uhlig"). 


Fig. 4—-Variation of volume of fretting corrosion (estimated 
chemically) with number of oscillations (after Wright"). 


September, 1959 


| 
— 


WEIGHT LOSS—MILLIGRAMMES 


WEIGHT LOSS—MILLIGRAMMES 


| 
NUMBER OF CYCLES x 10°? 
(b) 


| 


Fig. 5 (a) Curve of fretting weight loss against number 

of cycles in dry air ; (b) part of the same curve near the 

origin, enlarged to show its shape more clearly (after 
Feng and Rightmire’). 


approximated to that occurring in air. Feng has sug- 
vested that these results illustrate clearly that the con- 
cept of corrosion is misleading in connection with damage 
produced by fretting. 
fretting as a corrosion process would necessitate damage 
being virtually eliminated in a non-reactive atmosphere. 
If, therefore, it is accepted that CO, is an inactive 
atmosphere, then the damage occurring should be much 
less than that in air, rather than of the same order. 

In order to explain the differing effects of various inert 
atmospheres, Feng and Rightmire suggest that whether, 
in fact, the rate of damage ever accelerates from the 
plateau region depends on the ability of the atmosphere 
to react chemically with the metal to form a surface 
layer, or to form an adsorbed layer which can interfere 
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Fig. 6—-Fretting of mild steel in nitrogen (after Feng and 
Uhlig"). 


He argues that the concept of 


WEIGHT LOSS—MILLIGRAMMES 


2 3 


NUMBER OF CYCLES x 10 * 
(a) 


WEIGHT LOSS—MILLIGRAMMES 


2 
NUMBER OF CYCLES x 10° 


(b) 


Fig. 7 (a) Curve of fretting weight loss against number of 

cycles in carbon dioxide ;(b) part of the same curve near 

tne origin, enlarged to show its shape more clearly (after 
Feng and Rightmire’). 


with metal transfer. In the case of CO, the amount of 
gas adsorbed is sufficient to permit the eventual genera- 
tion of the free particles which allow the fretting process 
to continue by abrasion. Nitrogen and helium, on the 
other hand, form only slight adsorbed films ; this means 
that experiments in such atmospheres will probably never 
develop beyond the * plateau ” stage. 


Humidity 

The considerable influence exerted by the humidity of 
the air in which a fretting corrosion experiment is carried 
out has been noted by several investigators. Wright* 
has found (Fig. 8) that when the humidity is increased 
from zero the damage for steel on steel initially decreases, 
but that above 40-60°, humidity the damage begins to 
increase again. For chromium against steel, the fretting 
damage decreases progressively as the humidity increases 
from zero to 100°,. Feng and Uhlig! have reported 
that for steel against steel the amount of fretting damage 
decreases with increasing relative humidity (Fig. 9). 
Results at 100°, humidity were not obtained in this 
investigation, because of the rusting which occurred as a 
result of condensation of water on the specimens. As an 
explanation of the effect of variations in humidity on 
fretting damage, Wright has suggested that the water 
adsorbed or deposited by capillary condensation on to the 
metal and oxide surfaces in humid atmospheres acts as a 
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Fig.8 Variation of fretting corrosion with humidity (after 
Wright"). 


lubricant which promotes the removal of debris from 
Such a mechanism appears to be in 


contact areas. 
the amount of 


agreement with the observation that 
fretting damage increases sharply when the temperature 
is reduced to the freezing point of water. 

The data available on the influence of humidity on 
fretting damage in atmospheres other than that of air is 
limited ; only Feng and Uhlig appear to have investigated 
this point. They found that a wide variation in humidity 
had little or no effect on the amount of damage occurring 
in a nitrogen atmosphere. 


Normal Load 

The effect of varying the normal load applied bet ween 
fretting surfaces on the amount of damage occurring is 
complicated by the fact that as the normal load is in- 
creased so the magnitude of the relative slip decreases. If 
no attempt is made to maintain the slip at the original 
value, the variation of fretting damage with load is given 
by the results of Uhlig. Tierney and McClellan.** from 
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Fig. 9 —-Effect of humidity on fretting of mild steel for two 
test periods in air (pressure, 5,300 Ib. sq. in. ; frequency 
540 c. min. ; slip 0.0036 in. ; average specimen tempera- 
ture, 33 C.; room temperature, 27 C.,) (after Feng and 
Uhlig"). 
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Fig. 10 -Effect of pressure (load) on weight loss and ‘slip 
(after Uhlig, Tierney and McClellan*’). 


which it can be seen (Fig. 10) that as the load is increased 
from zero so the damage at first increases ; with further 
increase in load, the progressive decrease in the amount 
of slip occurring begins to reduce the amount of damage 
until finally, when relative movement is completely 
eliminated, damage ceases 

If, as the load is increased, the slip is maintained 
constant by adjustment, the variation of fretting damage 
with load is given by the results of Wright® who showed 
(Fig. 11) that fretting damage increases in almost linear 
manner as the normal load is increased. Similar results 
have been obtained by Feng and Uhlig. 


Fr que ney 

Frequency of oscillation as a variable in fretting corro- 
sion has not been studied extensively, although several 
authors have commented, without detailing experimental 
results, that variations in frequency over quite a wide 
range have no effect on the amount of damage occurring 
In contrast, Feng and Uhlig have carried out fretting 
experiments at various frequencies and degrees of slip ; 
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Fig. 12--Effect of frequency on fretting of mild steel in dry 
air (pressure, 5,300 Ib. /sq. in.) (after Feng and Uhlig"). 


they showed that for relatively large amounts of slip 
frequency does influence the amount of damage produced 
by fretting. The nature of the effect is shown in Fig. 12. 
Variations in temperature produced by changes in 
frequency were a complicating factor, and Feng and 
Uhlig made an attempt to correct their damage values to 
a common temperature, 25°C. 

Amplitude of Relative Motion 

The various reviews and original investigations of the 
subject of fretting corrosion have repeatedly reaffirmed the 
conclusion of Tomlinson et al! that relative slip is essential 
if fretting damage is to occur. A study of the effect of 
variations in amplitude on the magnitude of fretting 
damage has been carried out by Feng and Uhlig™ ; their 
results (Fig. 13) showed that over the range of slip 
examined the damage resulting was directly proportional 
to the amplitude of slip. 

Many of the investigators studying the phenomenon of 
fretting corrosion have emphasised the need for distin- 
guishing between real” and apparent ”’ slip. Appa- 
rent slip is, essentially, the relative movement which 
would occur if the contacting components were made from 
completely rigid materials. In practice, of course, some 
of the enforced movement is taken up as elastic strain in 
the contacting surfaces ; the “ real ”’ slip is, therefore, the 


— 
| 
457,800 Cycles (i4! Hours) 
bed 
=. 
220 
= 
rs 67,800 Cycies (2! Hours) r 
a 


$0 100 150 
Temperoture, 


Fig. 14 Effect of temperature on fretting of mild steel for 

two test periods in dry air (pressure, 5,300 Ib. /sq. in. ; 

frequency, 540 c. min.; slip, 0.0036 in.) (after Feng and 
Uhlig"). 
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Fig. 13 Effect of relative slip on fretting of mild steel in 
dry air (pressure, 5,300 Ib. sq. in.; frequency, 540 c. /min.). 
(after Feng and Uhlig''). 


difference between the apparent slip and that absorbed 
as elastic strain in the material. The more theoretical 
aspects of the relationship between real slip and elastic 
movement have been considered by Johnson.*4 

Temperature’ 

Although it has been known for many years that 
seasonal variations in ambient temperature influence the 
amount of damage occurring during fretting, a detailed 
study of the effect has only recently been made (Feng and 
Uhlig"). The results of this study (Fig. 14) show that, 
as the temperature falls below 0° C., damage increases for 
long periods of test, but remains relatively fixed for 
shorter periods. Increasing the temperature above 0° C, 
produces a relatively rapid decrease until 50° C. is reached, 
after which temperature has little effect on the amount 
of damage produced. 


Nature of Debris Produced in Fretting 


The composition of the debris produced during fretting 
varies considerably with the prevailing experimental 
conditions. Several investigators.**° have confirmed 
that in moist air the debris produced during the fretting 
of steel is the o-form of Fe,O,. Under conditions of low 
humidity, Wright®® observed that the debris still consists 
of «-Fe,O,. Feng and Rightmire,’ on the other hand, 
whilst agreeing that the bulk of the debris produced under 
such conditions is Fe,O,, contend that a measurable 
quantity of «-iron is also present. To resolve the 
apparent anomaly, Wright has suggested that in cases 
where relatively soft steels are used, the amount of 
x-iron in the debris will be considerably greater than 
where hard steels are employed. 

Under conditions in which the supply of oxygen to the 
fretting surfaces was restricted, Wright® found that both 
FO, and «-Fe,O, were present, the latter only appearing 
however, after about 10° oscillations. When a fretting 
experiment was surrounded by a nitrogen atmosphere, 
Feng and Uhlig! observed that the debris produced was 
-iron. 


Prevention of Fretting Corrosion 
The purpose of research into the mechanism of fretting 
corrosion and the factors which affect it is, primarily, to 
provided a foundation on which methods of preventing 
fretting damage can be based. Although many aspects 
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of the mechanism of fretting corrosion still require 
clarification, it is nevertheless possible to indicate various 
ways in which damage may be reduced or completely 
eliminated. It should be emphasised, however, that 
methods of alleviating fretting which may prove effective 
in one instance will not necessarily prevent damage in 
others ; essentially, individual cases of fretting should be 
considered on their merits. 

The techniques available for combating fretting are as 
follows : 


Elimination of Vibratory Forces 


The most obvious method of preventing fretting cor- 
rosion is to eliminate the vibratory forces generating the 
relative slip between the fretting surfaces. Whilst in 
some instances it is possible to design structures in which 
harmful vibration is reduced to a level below that neces- 
sary for damage to occur, prevention of fretting by this 
method is generally impracticable. 


Elimination of Relative Slip 


Instead of attempting to reduce the vibratory force 
causing relative slip, an alternative method of preventing 
fretting is to increase the frictional foree opposing slip 
between the contacting surfaces. The frictional force is 
equal to the product of the normal load and the coefficient 
of friction ; in order to increase the frictional resistance to 
slip, therefore, it is necessary to increase the normal load, 
the coefficient of friction, or both. If the normal load 
can be increased to the point at which slip is eliminated, 
then the method is fully effective in preventing fretting. 
On the other hand, as was seen earlier, if the load increase 
is insufficient to prevent relative movement completely, 
then the fretting damage may be increased. A practical 
example of preventing fretting by this means has been 
quoted by Gray and Jenny.*7 

It was noted above that the relative movement pro- 
ducing fretting could also be eliminated by increasing the 
coefficient of friction. The method by which this can 
most easily be effected is probably that of plating the 
contacting surfaces with metal possessing the required 
frictional properties. Amongst the metal coatings 
reported as being successfully employed are silver, gold, 
tin and copper. Wright?* noted that tin plating pre- 
vented damage to aluminium components, whilst Gray 
and Jenny?’ observed by laboratory experiment that 
copper was effective. Several investigators have noted 
that, unless the change in the coefficient of friction is 
sufficient to eliminate movement completely, then damage 
still occurs, 


Exclusion of Atmosphere 


In many cases the methods of completely eliminating 
fretting outlined above cannot, for one reason or another, 
by employed. When such a situation arises, there are 
several techniques by which the fretting can be 
markedly reduced, if not completely prevented. The 
preceding review of the experimental data has indicated 
at several points the considerable influence of the 
surrounding atmosphere upon the amount of damage 
occurring during fretting. It has been shown that when 
fretting occurs in the absence of oxygen, the damage is 
much less than that occurring when it is present. One 
possible technique of reducing fretting damage, therefore, 
it is to surround the fretting components by a vacuum or 
an inert atmosphere. The exclusion of air by the intro- 
duction of vacuum conditions is scarcely a practical 
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undertaking, nor is the surrounding of the contacting 


surfaces by an inert gas such as helium. It would appear 
that the only method of reducing fretting by atmosphere 
control, is that investigated by Wright." The procedure 
adopted involves the introduction between the fretting 
surfaces of a liquid in which oxygen has a low solubility. 
Such a film mechanically excludes oxygen from the 
fretting area. Wright has demonstrated the efficacy 
of this technique by comparing the amount of damage 
occurring when B.P. paraffin and dried normal hexane 
are introduced between the surfaces. The introduction 
of paraffin reduces the damage by a factor of some 200 
over that occurring in air, whilst the hexane reduces the 
damage to a much smaller extent. The difference in 
effect of these two lubricants is considered to be due to 
the greater solubility of oxygen in the hexane. 

Lubrication 

A second method of reducing fretting damage which 
may be employed where slip cannot be eliminated is that 
of reducing the coefficient of friction by means of lubrica- 
tion. The theories of friction and wear, whether that of 
Bowden and Tabor" or that of Feng!’ indicate that when 
there is friction between two surfaces, there will also be 
damage to the surface in the form of either metal transfer 
or wear particles. It follows, therefore, that any method 
of reducing friction will also reduce surface damage. 

The experiments of Campbell have led him to the 
conclusion that the principal reason why various hydro- 
carbon fluids reduce fretting damage is because they are 
able to effect separation of the fretting surfaces. Wright, 
on the other hand, inclines to the view that such fluids 
would be unable to effect separation under the severe 
conditions operating, and that their principal effect. is 
one of excluding oxygen from the fretting zone. The 
effectiveness of normal extreme pressure lubricants to 
alleviate fretting is also considered doubtful by Wright, 
since it appears unlikely that the necessary temperatures 
required for the reaction of the lubricants with the 
surfaces will be attained. 

Several investigators,'** have emphasised the useful- 
ness of phosphating steel surfaces subject to fretting. 
Whilst such coatings are of little assistance in the dry 
condition, their ability to maintain a film of oil at the 
rubbing surfaces results in a considerable decrease in 
fretting damage. Schulman and Waterhouse?® have 
observed that phosphate-coated steel specimens, treated 
with an oil-in-water emulsion containing a strongly-polar 
water-soluble molecule and a weakly-polar oil-soluble 
molecule which have a strong affinity for each other, 
resisted the onset of fretting to a greater extent than 
when a similarly coated steel was used in conjunction 
with a standard machine oil, 

Solid lubricants, both metallic and non-metallic, have 
been used with considerable success in the alleviation of 
fretting corrosion. Thus, Godfrey and Bisson*® have 
reported that when molybdenum disulphide was baked 
on to steel surfaces the onset of fretting damage was 
considerably delayed. Wright.* however, is uncertain 
that molybdenum disulphide will have the required effect 
in every case since, under conditions of high load, there is 
the danger that the bonded film would fail at isolated 
spots and normal fretting would occur. A_ further 
disadvantage would appear to be the necessity to heat 
the coated steel at a temperature of about 350°C. in 
order to dry out the coating. 

The principles by which thin films of various metals 
are used as lubricants have been discussed extensively by 


Bowden and Tabor.'* In brief, metallic friction arises as 


a result of two processes, ploughing and shearing of 


asperities. Ignoring the former the frictional force F 
may be written simply as the product of 4, the projec- 
ted area of contact between the surfaces, and S, the stress 
required to shear the interacting asperities. Obviously 
to reduce the friction it is necessary to make both A and 
S as small as possible. With most metals this is not 
possible; where the metal shear strength is low, the 
contact area tends to be large, and vice versa. By 
coating a hard steel surface with a thin film of a metal 
with a low shear strength, however, it is possible to 
satisfy both requirements, since the hard steel backing 
to the low strength film limits the contact area. The 
low frictional characteristics of steel surfaces suitably 
coated with a metallic film leads to a considerable reduc- 
tion in the damage occurring when oscillatory slip is 
present. In laboratory experiments, Gray and Jenny*? 
have successfully demonstrated the ability of lead 
plating to eliminate fretting: indium has also been 
mentioned in this connection. 

Selection of Material 

Although the type of steel or other material selected 
depends largely on other considerations, it is worthwhile 
to bear in mind at the design stage the material charac- 
teristics which are likely to combat fretting if it should 
occur. In this connection, it has been observed that 
increasing the hardness of steels tends to reduce the 
damage resulting from fretting. If it is impossible to 
accept a high hardness in the body of a component it may 
be that some form of surface treatment would prove 
effective. 


Avoiding Reactor Failures 
Five generations of atomic reactor development leading 
to the new advanced gas-cooled reactor, with operating 
temperatures approaching 600° C., were described at a 
recent meeting of the Society of Non-Destructive 
Examination by Dr. M. Davis, who is personal assistant 
to the member for production of the United Kingdom 
Atomic Energy Authority, Sir Leonard Owen. In 
emphasizing that a shut-down resulting from either 
defective materials or faulty fabrication could seriously 
affect the overall cost of operation, Dr. Davis spoke of 
the careful inspection given to all components. 

As a result of these inspection procedures, where 
material used for can manufacture was ultrasonically 
examined and every can weld was radiographed, it had 
been possible to reduce the total of faulty elements to 
about 4 per reactor per year, the number of fuel elements 
in the reactor being of the order of 10,000. There was 
hope of improving upon even this low figure. A very 
sensitive device, based on the detection of decaying 
gaseous fission products, had proved invaluable in 
giving early warning of a fuel element failure, so that the 
offending element could be discharged. The required 
degree of grain orientation in the all important uranium 
fuel was also being studied by ultrasonic methods. A 
novel method for the non-destructive examination of 
reactor channels was to be seen in the use of closed 
circuit television, whereby a camera complete with its 
own CO, cooling system could be lowered into a channel 
to inspect its contents and inside surface. 

Dr. Davis pointed out that the pressure vessels used in 
nuclear engineering were the largest of their kind in the 
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world, and that their production had only been possible 
because of progress in weiding and non-destructive 
examination. All plates were ultrasonically tested for 
freedom from lamination and each weld radiographically 
examined. Mega-voltage radiography was playing a 
more important part in the examination of the thicker 
welded vessels. Linear accelerators, recently developed 
in Britain, were being considered for use on site. The 
percentage sensitivity obtained when using a_ high 
activity cobalt source on a thick walled vessel was nearly 
as good as that given by a linear accelerator but the 
exposure time was much longer. To justify the greater 
cost of a linear accelerator, it would be important to 
exploit its short exposure time when it was employed for 
the site radiography of pressure vessels. 


Incandescent Chemical Plant Division 


For some years, the Incandescent Heat Co., Ltd., have 
manufactured process equipment to the designs of the 
Swenson Evaporator Co. (a division of the Whiting 
Corporation) of Harvey, Illinois. An agreement has 
now been reached by which Incandescent have exclusive 
selling and manufacturing rights in the United Kingdom 
for all Swenson products. To handle this work, a chemi- 
cal plant division has been formed, headed by Mr. 
C. J. V. Denning. In addition to dealing with all 
enquiries for Swenson evaporators, crystallizers, filters 
and spray driers, the division will also handle sales of 
direct-fired heaters and combustors, air heaters and other 
specialised high temperature heat exchangers, high 
temperature furnaces, and other thermal equipment of 
interest to users of chemical process plant. 
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The Effect of Pickling and Anodising on the Fatigue 


Properties of 2L40 and D.T.D. 683 Aluminium Alloys 
By J. M. Finney 


(Structures Division, 


Aeronautical Research 


Because of certain advantages claimed for the caustic soda pickling of aluminium alloy 


Laboratories, Melbourne, Australia.) 


forgings, an investigation was undertaken to assess the effect on fatigue properties of 
pickling and anodising 2LA0 and D.T 683 alloys, using hoth caustic-soda and AID 
The result of these tests are prese nted here 


N recent years the Australian aluminium industry 
has considered using a caustic soda solution to pickle 
aluminium alloy forgings in preference to other 
treatments that are used in connection with inspection 
and also with surface preparation prior to painting or 
anodising. This process is considered to be cheaper and 
more efficient ; to enable cracks to be detected more 
readily; and to give a better surface finish than other 
pickles. However, the Aeronautical Inspection Directo- 
rate (A.1.D.) had prohibited the use of this pickle for 
aircraft materials,’ evidently basing their objection on 
some Royal Aircraft Establishment (R.A.E.) work? 
reported in 1933. which suggested that it caused a 
reduction in fatigue strength.* 

The use of caustic soda is also prohibited in the D.T.D. 
specification relating to anodising.* Section 2.3—on 
* Cleaning of Anodised Parts “—reads as follows : ** When 
it is required to remove anodic films for re-anodising. 
this may be done, after degreasing, by one of the methods 
given in Appendix Il. Caustic soda shall not be used.” 

A literature survey revealed that little additional 
information was available on this subject. It was 
therefore thought desirable to investigate the effect of 
pickling with both caustic soda and A.I.D. standard 
solutions on the fatigue properties of aluminium alloys. 
particularly in view of the facts that (a) caustic soda 
pickling is used in America® *, apparently without 
deleterious effects; and (+) the R.A.E. work was 
concerned with a duralumin type (Al-Cu) alloy, and 
carried out before the introduction of the high strength 
Al-Zn-Mg alloys. 

Two aluminium alloys of the types mentioned above, 
which are widely used in aircraft construction, were 
chosen for the investigation. One was a 4°,, copper alloy 
to specification 2L40B, and the other was a 5°, zine 
alloy to specification D.T.D. 683. 3. 

All pickled specimens were subsequently anodised, and 


comparisons were made with the fatigue strength of 


untreated specimens. One batch of specimens from each 
material was also anodised without prior pickling. The 
pickles used were :— 

(a) sulphuric-hydrofluoric acids, 

(b) orthophosphoric-hydrofluoric acids, 

(c) sulphuric acid—potassium fluoride, 

(d) sulphuric acid—sodium fluoride, 

(e) caustic soda (10°,), and 

(f) caustic soda (20°,). 
Details of these pickles are given in an Appendix. 


* A more recent Instruction, however, allows restricted use* 
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standard solutions for the pickling operation. 


rENSILE PROPERTIES OF TEST MATERIALS 


rABLE I 


Material Stress Stress 
(Average of 
13 Spex mens 65,400 138 


Made on approximately 25°, of the 


testing machine employing a 2 mn 


Material and Specimens 

The 2L40B material was taken from one batch and 
supplied in thirteen lengths of # in. diameter extruded 
bar. The higher strength D.T.D. 683.3 alloy was also 
taken from one batch and supplied in sixteen lengths of 
jj in. diameter extruded bar. Chemical analyses were 
performed on samples from each bar to check conformity 
with specification. The first specimen in each bar was 
made into a standard tensile specimen, the test results 
being given in Table I. The remainder of each bar was 
machined into unnotched rotating cantilever fatigue 
specimens (Fig. 1) using a profiling lathe, the parallel 
portion and test contour being machined in one setting 
The speeds and feeds for the various machining operations 
were as follows : 
feed 0-0045 in. /rex 


speed 900 r.pom., 
feed O-0022 in. rey 


speed 1,800 r.pom., 
approx. 0 


Roughing Cuts : 
Finishing Cut : 
Depth of Cut ; 


Experimental Procedure 
Pickling and Anodising 
The pickling operation was performed using 3 litres of 
solution, all the specimens necessary for a complete S-N 
curve being mounted in a jig, degreased, and pickled in 
one operation. During this operation they were con- 
stantly agitated by hand 


Fig. 1. Fatigue specimen 
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S-N curves for D.T.D. 683 aluminium alloy. 
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Anodising was performed in a chromic acid bath to 
specification D.T.D. 910C. The lapse of time between 
pickling and anodising, and between anodising and the 
commencement of testing, was arbitrarily standardised 
at 14-2 hours in both cases. 


Fatigue Tests 

All fatigue tests were performed in the Aeronautical 
Research Laboratories rotating cantilever fatigue mac- 
hines operating at 12,000 c..m. In most cases, each 
S-N curve was obtained by testing six specimens at each 
of six stress levels. 

To eliminate any preferential effects due to variations 
in bar stock or between testing machines, the following 
procedure was adopted for each S-N curve. 

Immediately after machining, the specimens were 
sorted so that each S-N curve was obtained by using 
approximately the same number of specimens from any 
one bar, no two specimens from any bar being tested at 
each stress level. Three machines were employed for the 
investigation, each machine being used to test two 
specimens at each stress level for every S-N curve. 


Surface Profile Assessment and Depth of the Anodised 
Layer 

Both the surface profile and the thickness of the 
anodised layer of each batch of specimens were examined, 
using the chord sectioning technique developed by 
Ryan.’ To eliminate variations in magnification due to 
the change in diameter in the test section of the specimen, 
samples for chord sectioning were taken from the 
parallel portion of the specimen. It was assumed that the 
surface profile was the same at both places, as the speci- 
mens were machined in one operation in a profiling lathe. 
Surface profile measurements using a Brush Surface 
Analyser confirmed this assumption. 
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Results of Tests 


Fatigue Tests 

The results of fatigue tests on both alloys treated by 
the various processes outlined in the Appendix, are 
presented as S-N curves in Figs. 2 and 3. The single curve 
shown in each of the figures is based on the logarithmic 
mean of the cycles to failure. These curves are replotted, 
without the test points, in Figs. 4 and 5 for the 2L40 and 
D.T.D. 683 alloys, respectively. To facilitate compari- 
son, the relative fatigue strengths based on the * as 
turned ’ endurance curve have been plotted for each 
alloy —2L40 in Fig. 7 and D.T.D. 683 in Fig. 8. 


Surface Profile Assessment and Depth of the Anodised 
Layer 

Typical examples of specimens prepared by the chord 
sectioning technique are shown in Fig. 9. In the 
photograph of the anodised specimen, the white portion 
is the base metal, while the black line above the metal is 
the junction of the anodised surface and the * Bostik ” 
coating. In comparing these photographs, the difference 
in vertical magnification must be considered. 

The average thickness of the anodised layer on any 
specimen was also obtained using the chord sectioning 
method. For both alloys the values obtained from: 
different specimens ranged from 0-00013 in. to 0-00018 
in., the average being 0-00014in. The accuracy of any 
individual result was estimated to be within 0-QQ0015 in 
The average value of 0-00014 in. is just over one-half 
the thickness which is quoted for the chromic acid 
process,* but different methods of measurement in the 
two cases may be a reconciling factor. 


Discussion of Results 


Effe cts of Pickling a nd subse que nt 
Fatigue Strength 


Anodising on 


In the case of aluminium alloys, pickling is employed 
both to facilitate inspection and to cleanse components 
before anodising or painting. This report deals with 
tests on specimens which were anodised after pickling, 
thus simulating one set of practical conditions. All 
results discussed herein relating to the effects of pickling 
apply to the combined effect of pickling and anodising, 
fatigue test results on pickled specimens being com- 
pared with * as turned ’ results for each alloy. 

The results will be discussed under two headings, 
namely: (i) standard A.I.D. (acid) pickles, and (i) 
caustic soda pickles. 


(i) Standard AJ.D. (Acid) Pickles—The influence of 
these acid pickles on the fatigue behaviour of the two 
alloys is shown in Figs. 4 and 5, or 7 and 8. These show 
that the relative effects of the different pickles depend 
upon the endurance chosen, thus making generalisations 
difficult. They also show that the effect of a given pickle 
differs with each alloy. 

At short endurances—of the order of 5 104 cyeles 
all pickles decreased the fatigue strength of both alloys. 
For the 2L40 aluminium alloy, all acid pickles, except the 
H,PO,-HF pickle, increased the fatigue strength at 10° 
cycles. The H,PO,-HF pickle had no apparent effect at 
this endurance. For the D.T.D. 683 aluminium alloy, 
only the H,SO,-HF pickle gave increased fatigue strength 
at 10° cycles. An interesting feature of the H,SO,-KF 
and H,SO,-NaF pickles is that with the D.T.D. 683 alloy 
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their effects were practically identical at all endurances, 
whereas with the 2L40 alloy their quantitative effects 
differed considerably at all endurances. 

Only meagre information exists on the effects of some 
of these pickles (without anodising) on fatigue properties. 
Sutton and Peake® reported a decrease of approximately 
7°,, at 107 cycles in rotating cantilever fatigue properties 
of duralumin (4-25°, Cu, 0-93°,, Mg), when pickled in a 
solution consisting of 10°, H,SO, and 1°,, NaF. Pickling 
the same alloy in 20°, H,PO, + 0-5°, HF reduced the 
fatigue strength by approximately 9°,. These results 
should, however, be treated with caution, as only about 
six specimens were tested to obtain each S-N curve, and 
thus the small apparent difference in fatigue strength 
may be insignificant. 

Miiller'® reported no difference in the flexural fatigue 
properties of Avional sheet (3-5-5-0°, Cu, 0-2-1-5°, 
Mg, 0-2-1-5°,, Mn, 0-1-0°, Si) when pickled in 10°, 
H,SO, + 1°, NaF. 


(ii) Caustic Soda Pickles—In 1933, Sutton and Taylor? 
investigated the effect of pickling (without subsequent 
anodising) with a 10°, caustic soda solution on the 
rotating cantilever fatigue properties of duralumin 
(B.S. 3L1). Briefly, their conclusions were that : 
(a) this procedure resulted in a decrease of fatigue strength 
of approximately 30°, at 107 cycles; (>) after immersing 
pickled specimens in boiling water, the reduction in 
fatigue strength was only 10°,; and (¢) normal 
properties were restored after removing a layer 0-0025 in. 
thick by machining. Whilst it is recognised that these 
investigators found a considerable reduction in fatigue 
properties due to the caustic soda pickle, nevertheless the 
magnitude of the reductions quoted are open to doubt, as 
again only approximately six specimens were used to 
determine each S-N curve, and the S-N curves were 
apparently arbitrarily drawn as two straight lines. 

Miiller'® reported tests on Avional (Al-Cu-Mg alloy) 
in which bar specimens were pickled for 10 minutes in 
10°, NaOH. The resulting reduction in fatigue strength 
was reported to be approximately 12°,. When pickled 
for 40 minutes in the same solution, the reduction was 
increased to about 25°... The same author also reported 
tests on Avional sheet, pickling in a 10°,, NaOH solution 
for 30 seconds and 8 minutes, respectively, but in contrast 
to his previous results, in both cases there was no change 
in fatigue strength (at 107 cycles). 

A limited number of sheet bending fatigue tests of 
L71 (Al-Cu alloy) have been reported" using specimens 
either milled or severely etched in 10°,, NaOH at 80° C, 
No difference in fatigue strength (at 2 10° cycles) was 
found between specimens prepared by these processes. 

It should again be emphasised, however, that all the 
results quoted above on the effect of caustic soda pickling 
were derived from tests on pickled but unanodised 
specimens, and hence are not strictly comparable with 
the results reported herein. 

From Figs. 7 and 8 it may be seen that, for both alloys, 
at endurances greater than 107 cycles, caustic soda pick- 
ling gives the highest fatigue properties of all the 
conditions investigated. It must, however, be pointed 
out that, in the case of the D.T.D. 683 alloy, the caustic 
soda and anodising treatments have decreased the 
fatigue properties at short endurances, but nevertheless 
they still result in fatigue properties superior to most of 
those resulting from the acid pickles. It should also be 
noted that the 20°,, NaOH pickle results in properties 
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slightly lower than those obtained with the 10°, NaOH 
pickle, thus suggesting that there may be an optimum 
NaOH concentration for a particular time and tempera- 
ture of pickling. 


Efject of Anodising on Fatigue Strength 

Fig. 6 shows that chromic acid anodising (without 
pickling) affected the fatigue properties of each alloy 
in different ways. The process decreased the fatigue 
strength of the D.T.D. 683 alloy at all endurances, but 
increased that of the 2L40 alloy at endurances greater 
than 5 = 10° eycles. These results are in contrast to 
those of Stickley and Howell'* who suggest that the type 
of alloy has no effect, but that the thickness of the 
anodic coating is the governing factor. As reported above 
the thickness of the anodic coating on specimens tested 
in the current investigation is in the order of 0-00013- 
0-00018 in. for both alloys. Although there have been 
a number of papers published on the effect of anodising 
on fatigue strength, it is not proposed to discuss further 
this aspect in the present paper. 

Surface Profile and Residual Stresses 

Pearson,'*® who investigated the effects of various 
pickling reagents on the surface profile of Alcan 26S-T 
(Al-Cu alloy) and Alcan 75S-T (Al-Zn alloy), concluded 
that “ The surface produced by the sodium hydroxide 
treatment is somewhat different in nature from that 
produced by the other solutions (H,SO,-NaF and 
and H,SO,-KF). The pits are less angular and the ratio 
of pit width to pit depth is much greater than in the case 
of the pits resulting from the sulphuric acid solutions.” 
He also concluded from his results that * from the stand- 
point of fatigue, sodium hydroxide is likely to be as 
satisfactory as the acid solutions for these two alloys.” 
This conclusion is in agreement with the present results, 
although there is little evidence from the chord sections 
to indicate that differences in fatigue properties due to 
the various treatments are related to differences in 
surface profile. 

As the volume of the anodic layer is greater than that 
of the aluminium from which it is formed (the anodic 
film is composed of hydrated aluminium oxide"), it is 
possible that the anodising introduced residual stresses 
into the surface layers of the specimens. If this is so, 
these stresses may modify the specimen fatigue behaviour 
although one might assume that their effect would be 
identical in each case. 

During the machining of the specimens a certain 
amount of work hardening and residual surface stress are 
introduced. The quantity of material removed by the 
different pickles was not investigated, but differences 
may have been sufficient to alter relatively the charac- 
teristics of the surface layers of the material. 


Conclusions 

(1) Tests showed that the effects of various pickling 
treatments followed by anodising, on the fatigue proper- 
ties of 2L40 and D.T.D. 683 aluminium alloys, were 
as follows :— 

(‘) At endurances greater than 107 cycles, pickling in 

caustic soda resulted in fatigue strengths superior to 

those obtained by using any approved A.1.D. acid 

pickle. At endurances less than 107 cycles, the caustic 

soda pickles resulted in fatigue strengths equal to those 

obtained from using the best acid pickle. 
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(a) Specimen ‘ as turned’ : vertical magnification approx. 
4,600 ; horizontal magnification 250. 


(b) Specimen ‘ as turned and anodised’: vertical magnifi- 
cation approx. 5,200 ; horizontal magnification 250. 


Fig. 9..Chord sections of D.T.D. 683 specimens. 


(/i) In the case of acid pickles, the best fatigue proper- 
ties for both alloys were obtained after treating with 
the H,SO,-HF solution. 

(177) In general, pickling and anodising caused a much 

greater reduction in strength in the case of the D.T.D. 

683 than for the 2L40 alloy. 

(2) Compared with ‘as turned’ specimens, anodising 
by the chromic acid process, without prior pickling, affee- 
ted the fatigue behaviour of the two alloys investigated 
in a different manner. For the 2L40 alloy the general 
effect was beneficial, but for the D.T.D. 683 alloy it 
reduced the fatigue strength by as much as 15°,,. 
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Appendix 
Details of Pickling Processes 
The six pickles and procedures applied to each alloy 
are detailed below. The first four were carried out 
according to A.I.D. Inspection Instruction M310". The 
fifth and sixth were identical with the procedure used by 
Sutton and Taylor in 1933,? except that in the latter case 
the concentration of the NaOH solution was doubled. 
Hydrofluoric Acid Pickle 
Sulphuric Acid (10°, acid) = 99°, by volume 
Hydrofluoric Acid (commercial 50-60°,) 1°, by volume 
Specimens warmed in hot water and then pickled at room 
temperature for 5 minutes. 
(2) Orthophosphoric Acid— Hydrofluoric Acid Pickle (H,PO,- 
HF) 
Orthophosphoric Acid (S.G. 1+5) 
Hydrofluoric Acid (commercial]) 0-5°, by volume 
Specimens pickled at room temperature for 5 minutes. 


(1) Sulphuric Acid 


20°, by volume 
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Pickle KF) 
10°, by volume 


(3) Sulphurie Acid 
Sulphuric Acid 
Potassium Fluoride .. 1°. by 

Specimens pickled at room temperature for 5 minutes 

(4) Sul phuric Acid Sodium Fluoride Pickle (H,s¢ Nak) 
Sulphuric Acid 10°5°, by volume 
Sodium fluoride 1-125°, by weight 

Specimens pickled at room temperature for 10) minutes 

(5) Caustic Soda A (NaOH) 

Caustic Soda... .. 10°, by weight in water 
Specimens pickled at 65 C. for 24 minutes. 
(6) Caustic Soda B (NaOH) 
Caustic Soda... ..  .«. 20°, by weight in water 
Specimens pickled at 65 C for 2) minutes 
The final operation of each pickling procedure was to 
immerse the specimens in a cold 50°, nitric acid solution 
for | minute. 


Potassium Fluoride 


weight 
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BuLK deliveries of Phosbrite 159 chemical polishing 
solution are now being made to Haynes, Ford and Elliott, 
Ltd., the Birmingham metal! finishing firm, by Albright 
and Wilson (Mfg.), Ltd. Haynes, Ford and Elliott have 
installed a 1,000 gal. storage tank to take the deliveries, 
which are made by 6 ton tanker, 
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An Experiment in Research 
Progress at Pioneer British Sponsored Research Institute 


that the Warren Spring Laboratories of the 

D.S.I.R., which could take on contract research 
for industry, were themselves an experiment in research, 
but the Fulmer Research Institute, which was founded 
in 1947, is also an experiment along these lines and the 
same may be said of the Sondes Place Research Institute 
at Dorking, which was founded in 1948. 


The Fulmer Research Institute was set up as a result 
of private enterprise and initiative and differs from the 
research associations and Government laboratories in 
that it receives no annual grant or income except in 
payment for services rendered. Since it is under no 
direct obligation to the taxpayer, it is entirely free from 
Government control, and no particular section of in- 
dustry has any rights or priority in research results or 
facilities, except in so far as these have been paid for 
directly. This is a feature that often appeals to industrial 
sponsors, to whom commercial security is important, and 
who wish to have complete control of the research work 
for which they pay. Co-operatively and nationally 
financed research is carried out by research associations 
and Government laboratories and, although a certain 
amount of confidential or sponsored research is now being 
undertaken by them, their activities must be subject 
to control and scrutiny by the bodies responsible for the 
overall financing of the laboratory. The Fulmer Re- 
search Institute, therefore, fulfils a very necessary 
function in providing research facilities for progressive 


A‘ their opening in June, Lord Hailsham remarked 


Enamelling furnace. 
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organisations that have no adequate facilities themselves. 
but who wish to keep both their problems and aims 
confidential. The Institute is also useful to large 
organisations with adequate facilities and finance, who 
are either too busy to carry out certain investigations 
themselves, or who would like a fresh approach to a 
problem, or who approach Fulmer because of its pre- 
eminence or specialised techniques in certain fields. 
The Fulmer experiment in research differs from War- 
ren Spring in that it has been financed on a very much 
more modest scale, and the steady expansion of the 
Institute has been achieved solely from profits ploughed 
back. This has resulted in the strictest economy being 
observed in buildings and fitments, and the total ex- 
penditure on all land and buildings at Fulmer, including 
fitments and services, has been £72,000, representing 
approximately £650 per person employed, or £2,000 per 


graduate. The comparable figures for the Warren 
Spring Laboratories are approximately £2,000 per 


person employed and about £6,000 per graduate, which 
is still low in comparison with other industrial labora- 
tories built with an eye to prestige. The financial re- 
quirements of research management are affected to quite 
a considerable extent by whether the money is available 
as a grant, or whether it has to be either borrowed or 
earned. 

The results of the Fulmer experiment in research 

which have emerged so far are : 

(1.) It is possible to make research pay for itself and 
Government grants and endowments are not 
essential, although they give a decided advantage 
and it may be difficult for the research organisation 
without such aid to compete. However, the 
Fulmer Research Institute has always had a small 
but steady excess of income over expenditure, 


Vacuum-argon arc dry box for handling reactive materials. 
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which has enabled a moderate 
expansion to be undertaken. 

(2). It is possible to do first-class scientific work on a 
sponsored basis. As evidence of this we would 
point to the scientific papers which have been 
published, which are, of course, only those for 
which the sponsor's permission to publish has been 
obtained. 

(3). There is a demand from publicly owned Corpora- 
tions and Government Departments for indepen- 
dent research work. At present, 42°, of the 
Institute’s income comes from the Atomic Energy 
Authority and 25°, from the Ministry of Supply 
and other Government Departments. 

(4). There is a demand from British industry for 
sponsored work, but about half of this demand 
comes from small firms who are more interested in 
test and consulting work than basic research. 
Although British industry at present only contri- 
butes 18°, of the Institute’s income, this amounts 
to £27,000, which is greater than the total income 
of the Institute in the first year of operation and it 
is growing steadily. About £10,000 of this is 
represented by test work and consulting services, 
and there is a tendency for this work to increase 
both in percentage and total. 

Compared with British industry, there is a greater 

and more spontaneous demand for research work 

from industry in the United States and Canada, 
and 15°,, of the Institute’s income is from these 
sources. Practically none of this demand from 
overseas is for test or consulting services, and the 
proportion of long term or basic research work 
which is being carried out for the U.S.A. and 
Canada is higher than that of similar work for 
British industry. 


(5). 


In considering these results it must be borne in mind 
that the Institute has at all times been working at or 
near capacity, and no special effort has been made to 
obtain one sort of sponsorship rather than another. It is 
none the less hoped that in the future British industry 
will demand a greater share in the use of the research 
facilities of the Institute. 

In the following pages a brief account is given of the 
equipment available—much of it for the carrying out of 
specialised techniques—and of some of the fields in 
which research is being, or has been, undertaken. It will 
be realised of course that little or no information can be 
given in some cases, owing to the confidential nature of 
the problem. 


Equipment and Specialised Techniques 


X-Ray Crystallography— Extensive facilities are avail- 
able for X-ray diffraction work, and six X-ray generators 
are in use. Conventional crystallographic methods are 
supplemented by specialised techniques for studying 
reactive metals. A high temperature X-ray camera 
enables readily oxidised materials such as zirconium and 
titanium alloys to be studied at temperatures up to 
1.000°C. in a vacuum of 10°? mm. of mercury. The 
structure of liquid metals at elevated temperatures is 
being studied with a specially designed Geiger counter 
X-ray diffractometer, and single crystal methods using 
monochromatic radiation are employed for studying the 
mechanism of age-hardening and phase transformations. 


Electron Microscopy—A Metropolitan-Vickers EM3A 
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programme of 


electron microscope is used for reflection and transmis- 
sion (thin film) microscopy and electron diffraction work 
In recent researches, the microscope has been used to 
investigate the build-up of deposits in oil burning fur- 
naces, the fundamental nature of slip lines, and surface 
oxidation studies. Other uses include examination of 
paint pigments and contaminated catalysts 


Metallography—In._ addition to a Bausch & Lomb 
Metallograph and a Reichert Metallurgical Microscope, 
there are several bench microscopes, one of which is 
equipped for phase contrast microscopy and micro- 
hardness testing. Conventional heat treatment equip- 
ment is supplemented by a vacuum quenching apparatus 
and a high temperature vacuum furnace which can 
operate at temperatures up to 2,000°C. with a vacuum 
better than LO mm. of mercury. A special dilatometer 
incorporating a differential transformer has been con- 
structed for studying isothermal transformations and 
martensitic transformations on rapid quenching. The 
apparatus was designed for studying uranium alloys but 
can be used for studying transformations in most metals 


Physical Chemistry—Specialised techniques in the field 
of physical chemistry include accurate measurements of 
vapour and reaction pressure, using the capillary vessel 
method developed in the Institute, in addition to all 
standard methods. These have been used to study the 
stability of radicals at high temperatures and to establish 
activity data for various metallic systems. Accurate 
calorimetry has established the heats of formation of 
various compounds, in particular metal halides and 
intermetallic compounds, and new values for the heats of 
formation of a large number of important compounds 
in these categories have been established and published 
The kinetics and equilibria of various reactions of interest 
in the fields of nuclear power and extraction metallurgy 
have been studied in apparatus requiring highly efficient 
vacuum techniques. 

Melting and Casting—Apart from the normal oi! and 
gas-fired furnaces for melting, induction furnaces have 
been adapted for melting and casting in special atmos- 
pheres or in vacuo and for zone refining as well as for 
open melting. Most reactive alloys for experimental 
work are prepared in argon are melting furnaces with 
water-cooled copper hearths. One of these is equipped 
with a retractable hearth from which small billets suitable 
for extrusion can be made. An apparatus has been 
constructed for melting by electron bombardment, and 
is used for zone refining and growing single crystals 


Metal Working—A forging hammer and a small rolling 
mill are available. From the latter either sheet or rod 
can be produced, and techniques for sheath rolling 
reactive alloys are well established. There is also a 
60-ton press for use with powder metallurgical techniques, 
and a miniature extrusion press. Arrangements have 
been made outside the laboratories for the extrusion of 
highly reactive and refractory materials, some of which 
have been sheathed and extruded using glass lubrication 
This technique has proved particularly valuable in the 
investigation of chromium and chromium base alloys. 


Refractories—Special techniques for the preparation of 
refractories for dealing with highly reactive metals have 
been developed. A kiln is available for firing refractories 
at temperatures up to 2,000° C., and ball and roller mills 
allow the preparation of finely divided material for slip 
casting or spraying. A diamond cut-off wheel provides 


for accurate shaping and cutting of thin slices of hard 
brittle substances. 


Mechanical Testing—The engineering laboratory is 
equipped to carry out all normal mechanical tests. In 
addition to impact and hardness machines, a Denison 
50 ton universal testing machine with ancillary equip- 
ment for high and low temperature testing is in use. 
Wohler, Haigh, “ slipping clutch’? and Rolls Royce 
machines are available for fatigue testing, and equipment 
has been specially designed for high temperature fatigue 
testing of sheet. Interesting information about the 
initiation of fatigue cracks is being obtained by special 
replica techniques. 

Conventional creep testing apparatus is supplemented 
by facilities for carrying out creep in compression and in 
special protective atmospheres. This has proved essential 
in studies of compression creep of uranium and other 
highly reactive metals. Both static and dynamic strain 
gauge measurements have been made on structures under 
load. This work has been done in the field as well as in 
the laboratory. 


Chemical and Spectrographic Analysis—Conventional 
polarographic, absorptiometric and spectrographic 
methods are available for the analysis of metallurgical and 
inorganic materials. The analytical equipment has 
recentiy been supplemented by the acquisition of a 
cathode-ray polarograph. The co-ordinated effort in 
using a combination of appropriate techniques has 
enabled new methods to be developed for ore analysis, 
and for trace element determination in phosphors, 
pharmaceutical products, graphites, ete. 


Corrosion—Laboratory corrosion test apparatus in- 
cludes salt spray, humidity and SO, cabinets and high 
accuracy quartz spring balances for studying oxidation in 
special atmospheres by weight changes. For atmospheric 
corrosion the Institute has exposure sites in industrial, 
marine and rural environments. A novel technique has 
been developed for non-destructive assessment of cor- 
rosion damage in terms of loss of mechanical strength, 
enabling a corrosion ‘time curve to be found on a single 
specimen. Electronic equipment such as valve volt- 
meters, a potentiostat and a constant current device are 
used in studying cathodic protection. 


Electrodeposition—Four separate rectifiers deliver 
direct current supplies up to 250 A. and 60 V., enabling 
experimental electrodeposition to be carried out on a 
scale ranging from beakers to full pilot plant. These 
facilities are used extensively for the preparation of very 
pure chromium : a production rate of 25 g. ‘hr. is possible. 
Work has also been carried out on the electrodeposition 
of manganese, and on the anodising and dyeing of 
aluminium and its alloys. 


Fields of Investigation 


Thermochemistry—Mention has been made under the 
heading * Physical Chemistry " of some of the techniques 
employed for making thermodynamic measurements. 
Determination of heats of formation is vital to the 
assessment of the feasibility and yield of various metal- 
lurgical processes, including extraction, fluxing, alloying 
and coating. Values have already been obtained for the 
following compounds: aluminium and magnesium 


fluorides ; cryolite; titanium tetrachloride, tetrabro- 
mide and tetrafluoride; sulphur hexafluoride; zir- 
conium, hafnium and vanadium tetrachlorides: and 


niobium and tantalum pentachlorides and pentra- 
bromides. The high heats of formation of fluorides make 
these compounds potentially important as rocket 
propellants. 

In physical metallurgy, as well as in extraction metal- 
lurgy, free energies and heats of alloy formation are 
important parameters of intermetallic systems, and the 
following systems have been investigated : iron-alumi- 
nium-silicon are furnace alloys, iron-chromium-carbon, 
aluminium-manganese, iron-titanium, iron-aluminium, 
uranium-bismuth, thorium. bismuth, and uranium-silicon. 
In this work, each system requires a special approach, 
and in the case of the highly reactive uranium and 
thorium alloys novel techniques are used for preparation 
and handling. 


Extraction Metallurgy—One of the first investigations 
carried out at the Institute arose from the development by 
Dr. Gross of the well knownaluminium catalytic distillation 
process. This process depends upon the reversible reaction 
between aluminium trichloride and an aluminium-bearing 
material to form a volatile monochloride, which sub- 
subsequently decomposes into aluminium and aluminium 
trichloride. The reaction is applicable to the extraction 
of aluminium from alloys produced by direct thermal 
reduction of bauxite, or other suitable aluminium- 
bearing minerals, in an are furnace, or to purification of 
scrap. Aluminium of high purity has been produced by 
this method. Extensive development has been carried 
out, and laboratory work is continuing at the Institute. 

A similar approach has been used in the development 
of a titanium extraction process in which titanium tetra- 
chloride is passed over ferro-titanium or titanium scrap 


to form titanium di- and tri- chlorides, which are 
subsequently decomposed to form relatively pure 
titanium and further tetrachloride for recirculation. The 


process has been developed on a laboratory scale and 
can be extended to the pilot plant stage. A related 
method has been applied to the purification of beryllium, 
with promising results. 


Uranium Alloys and Compounds—Recent work in 
uranium metallurgy has included extensive phase dia- 
gram and transformation studies on binary and ternary 
alloys. X-ray crystallography is being used to elucidate 
the structure of uranium chelate complexes, and various 
uranium and uranium alloy phases. Creep tests on 
uranium and its alloys have been carried out in com- 
pression. Other uranium work in progress has been 
referred to under the heading ** Thermochemistry *’. 


Zirconium and Zirconium Alloys—A study is being 
made of the w-phase in zirconium alloys and the binary 
systems with niobium, molybdenum, uranium and 
chromium, have been examined so far. The w-phase 
acts as an embrittling agent during heat treatment of 
zirconium alloys for use in nuclear reactors. The high 
temperature X-ray diffraction camera, previously men- 
tioned under * X-ray Crystallography ” and an appara- 
tus in which specimens can be quenched in helium at 
8,000° C. second are used in this work. The mechanism 
of oxidation of zirconium and zirconium alloys in CO, is 
also being studied. 


Age Hardening—The original metallurgical work on 
age hardening of aluminium alloys supervised by Dr. 
Hardy, Beilby Award winner, is continuing and this, 
together with the X-ray techniques developed at the 
Institute for studying precipitation processes, is well 
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known internationally. Trace elements have been shown 
to exercise a profound effect on the ageing behaviour in 
some systems, and the influence of small quantities of 
cadmium in accelerating the ageing of aluminium-copper 
alloys led to the development of the aluminium-copper- 
cadmium alloys, which, while free from room tempera- 
ture ageing after solution treatment, can be aged at 
slightly elevated temperatures to give properties ap- 
proaching those of the duralumin type alloys. These 
alloys have excellent pressing properties and machining 
stability, and work is in progress to assess their suitability 
for structural work. Trace element effects have also 
been found in magnesium-copper and silver-base alloys. 

Aluminium Alloys—In addition to the work on age 
hardening aluminium alloys described above, various 
other researches are in progress, including a study of the 
mechanisms of layer corrosion and stress corrosion in 
structural aluminium alloys. The influence of thickness 
of anodised coatings on the corrosion resistance of 
various aluminium alloys is also being studied, and an 
investigation is in progress on the influence of metallic 
coatings anodic to the basis metal on the corrosion 
fatigue of high strength alloys. An aluminium-tin 
bearing alloy containing up to 30°, tin, developed in 
conjunction with the Tin Research Institute is being 
used successfully in industry. 

Enamelling—A large enamelling furnace is available, 
and special spraying rigs for applying vitreous enamels of 
high electrical resistance to complicated parts have been 
developed. In recent work in this. field, pin-hole-free 
vitreous enamel coatings have been applied to copper, 
aluminium and stainless steel, using high frequency 
arcing as an acceptance test. 

Chromium and Chromium-Base Alloys—Research is in 
progress on chromium metal and chromium-base alloys. 
Although the aim of the research is the development of 
alloys for very high temperature service, much more 
work on the pure metal itself remains to be done in order 
to understand and overcome its brittleness. This is 
achieved in various degrees by purifying—especially from 
nitrogen and carbon—and also by previous warm working 
treatments and heat treatments. Progress is being made 
with the extrusion of the pure metal and its alloys using 
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Oil burning rig used in work on the build up of furnace 


Apparatus for melting by electron bombardment 


techniques similar to those which have been developed 
for molybdenum. 

Ferrous Metallurgy—Research is in progress on low 
alloy and coated steels for high temperature service. 
During this work low alloy silicon aluminium steels with 
oxidation rates similar to that of 18/8 stainless steel in 
the 600-950° C. range have been developed. In recent 
work the effect of higher aluminium contents is being 
studied. Other work in the ferrous field has included a 
study of the effect of composition and structure of cast 
iron on its resistance to corrosion by sulphuric acid. A 
study has recently been made of the influence of produc- 
tion variables on the quality of cast iron shot. 

Liquid Metals—Following X-ray diffraction work on 
relatively “simple” liquid metals like sodium and 
potassium, the breakdown in structure with temperature 
of ** molecular ”’ liquids such as gallium, bismuth and tin 
is being studied. In addition, interesting results are being 
obtained on alloys such as gold-tin, in which a high 
degree of order is detectable. 

Ancillary Services 

Although its primary function is to carry out research 
of a relatively long-term nature, the Institute under- 
takes analysis, testing, the investigation of service failures, 
consulting work, and short term investigations into 
industrial problems of a technical nature. The demand 
for this type of service is steadily increasing, and over 
2,300 short-term investigations have been completed. 
The Insitute is A.1.D. approved for mechanical testing, 
chemical analysis and weld examination, and also under- 
takes spectrographic analysis. Many of the short-term 
investigations are concerned with service failures in 
manufactured components such as gears, gear cutters, 
crankshafts, electrical switches and contacts, springs, 
bearings and bushes, but an appreciable number of 
problems of a non-metallurgical nature have also been 
dealt with. 
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QUARTER of a century ago the name Jarrow 
was symbolic—symbolic, unfortunately, of the 
human misery resulting from the industrial 
depression. Conditions were not good in the country as 
a whole, but Tyneside in general and Jarrow in particular 
were especially hard hit. The one great industry in 
Jarrow, created by Charles Mark Palmer in the middle 
of the last century—that of shipbuilding—had closed 
down, and some 80°, of the working population were 
without jobs, and had been for a considerable time. 


In 1934 the late Sir John Jarvis, Bt., at that time High 
Sheriff of Surrey, became seriously interested in the 
plight of the people of Jarrow, and founded the “ Surrey 
Fund’ which raised some £40,000 by voluntary con- 
tributions. Instead of the money being distributed as 
charitable gifts, it was used to give back to the workers 
their self-respect. Paint, wallpaper and other things 
were provided for them to use themselves to brighten up 
their homes and clubs, and the men of Jarrow were 
employed on a monthly basis on public works such as 
the Monkton Dene Park, and paid modest sums for 
their services. Money was also spent on dredging the 
deep water berth alongside the quay, so that it was 
possible at a later date to carry out large shipbreaking 
operations. 

The success of these early schemes encouraged Sir John 
to re-establish industry in the town, and with assistance 
from the Treasury two now well-known organisations 
were set up—Jarrow Tube Works, Ltd., and Jarrow 
Metal Industries, Ltd. The former is now a wholly- 
owned subsidiary of Tube Investments, Ltd., and the 
latter is associated with Armstrong-Whitworth (Metal 
Industries), Ltd. The official opening of the two works 
took place on Friday May 27th, 1938, when Her Grace, 
The Duchess of Northumberland started the machinery 
at the Tube Works and Lady Jarvis performed the 
opening ceremony at the Metal Industries Works. 


A 37-ton press frame leaving the works of Jarrow Metal 
Industries, Ltd. 


Socio-Industrial Venture Comes of Age 
The Renaissance of Jarrow 


Originally designed for the production of tubes from 
2fin. to 34in. O.D. by the rotary piercer and pilger 
processes, the Tube Works have since been adapted to 
roll sizes as small as 2 in. and up to a maximum of 4} in. 
O.D., with thicknesses from 10s.w.g. to | in. or more. 
Since 1938, over 230,000 tons of tubes have been made, 
and in addition to this tonnage of hot finished tubes, 
33-5 million feet of cold drawn tube have been produced. 
An appreciable proportion of this output has been in 
heat resisting alloys, which are now one of Jarrow’s 
specialities. 

Since the first cast of steel was made in March 1938 
in the 15 ton Tagliaferri 3-phase electric are furnace. 
Jarrow Metal Industries have made over 400,000 tons 
of steel for their various products, which include rolls, 
steel castings and ingots. Expansion and improved 
facilities have been introduced throughout the twenty- 
one years, and the firm is to-day capable of producing 
steel to most British Standard specifications. These 
include carbon steels, creep-resisting steels, pearlitic and 
austenitic manganese steels, chromium and _ stainless 
steels, and heat-resisting steels. Cast steel rolls of all 
types are produced up to 45 tons finished dressed weight 
for the steel and non-ferrous industries, and the castings 
include propellers, anchors, turbine, and valve castings, 
and frames, cylinders, crossheads, rams, etc., for large 
press construction ; ingots are supplied up to 15 tons in 
weight. 

To-day, Jarrow Metal Industries is equipped with 
three basic electric are furnaces with a combined melting 
capacity of 55 tons. The foundry is equipped with 
modern sand mills, sand slingers and moulding machines, 
and heat treatment is carried out in a battery of pyro- 
metrically controlled furnaces capable of accommodating 
material up to 25 ft. in length 6in. wide 
6 ft. high. In the dressing shop, a Hydroblast plant, a 
metallic shot blast plant, and a two-table Wheclabrator 
are available for cleaning castings. Other fettling equip- 
ment includes modern chipping hammers, grinders, Linde 
burners and air, carbon are burners. 


The research and inspection departments are particu- 
larly well equipped. The laboratories, which have 
recently undergone extensive improvements, are 
equipped for rapid and accurate chemical analysis, 
mechanical testing, the determination of the magnetic 
properties of materials, and metallographic work. A 
range of non-destructive testing techniques is used by 
the inspection department, the equipment including a 
Cobalt 60 isotope source for gamma-radiography, and 
electromagnetic and ultrasonic flaw-detecting apparatus 


To-day, Jarrow will bear comparison with any other 
town of its size in the country for progress and prosperity. 
This happy state of affairs is due in no small measure 
to the way in which these two concerns—which have 
given employment to more than 800 people over the 
vears—showed to the world what Jarrow could do, and 
thereby encouraged many other companies to establish 
works in the area. 
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Heat Treatment 


in salt bath furnaces, as in greenhouses, 
brings its rewards. The ‘Cassel’ Heat Treat- 
ment Service offers you the benefits of its 
experience in carburising, heat treatment, 


tempering, martempering and austempering. 


Midland Mechanica 
. sec Rardened in cyanide ath 


Write to: 
Imperial Chemical Industries Limited 
London, S.W.1. 


Clevis. pin 


cc. 198 
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Silicon Carbide 
Electric Furnace 
Heating Elements 


TRADE MARK 


The new DELTA heating element, used by leading furnac: 
builders throughout the country, facilitates exceptionally accurate 
temperature control, to a maximum of 1550 C. It also offers 
outstanding economic advantages. It will give you 


* Easier Installation 

Cleaner Operation 

%* Cheaper, Easier Maintenance 
* Increased Efficiency 

* Longer Service 

* Greater Safety 


These are the results of more than a quarter-century’s unmatched 
experience. We shall be glad to hear from furnace builders and 
furnace users who would like full technical details of GLOBAR 
DELTA elements. 


A GREAT RANGE OF SIZES /S AVAILABLE 


THE BRITISH RESISTOR LTD. 


TRAFFORD PARK, MANCHESTER 17 - TRAFFORD PARK 2381 
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NEWS AND ANNOUNCEMENTS 


Electron Microscopy Symposium 


A One-Day Symposium on “ The Application of Thin- 
Film Techniques to the Electron-Microscopic Examina- 
tion of Metals,” arranged by the Metal Physics Committee 
of The Institute of Metals, will be held on Thursday, 
12th November, 1959, at the Royal Institution, 21 
Albemarle Street, London, W.1, beginning at 9-30 a.m. 
Visitors will be welcome and tickets are not required. 
The following eight papers will be presented and 
discussed : 
“ Techniques for the Direct Examination of Metals by Trans- 
mission in the Electron Microscope,’ by P. M. Keiiy and 
J. Nuttine (University of Cambridge). 
* An Outline of the Theory of Diffraction Contrast Observed 
at Dislocations and Other Defects in Thin Crystals Examined 
by Transmission Electron Microscopy,” by M. J. WHELAN 
(Cavendish Laboratory, Cambridge). 


“Observations of Dislocations in Metals by Transmission 
Electron Microscopy, by P. B. Hirscu (Cavendish Labora- 
tory, Cambridge). 

“The Observation of Anti-Phase Boundaries during the 
Transition from CuAu I to CuAu IT,” by D. W. Pasaury and 
A. E. B. Pres.anp (Tube Investments Research Laboratories, 
Cambridge). 

* Electron-Microscopic Studies of Precipitation in Aluminium 
Alloys,” by R. B. G. Tuomas, and J. Nutrina 
(University of Cambridge). 

* Electron-Microscopic Observations on the Recrystallization 
of Nickel,” by W. Bo_umMann (Battelle Memorial Institute, 
Geneva). 

* The Martensite Transformation in Thin Foils of Iron Alloys,” 
by W. Prrsca (Max-Planck-Institut fiir Eisenforschung, 
Dusseldorf ). 


* The Growth, Structure and Mechanical Properties of Evapor- 

ated Metal Films,” by G. A. Basser? and D. W. PasHiey 

(Tube Investments Research Laboratories, Cambridge). 

Copies of the papers, published in the August issue 
of the Journal of the Institute of Metals, are obtainable 
(price £1 post free, to non-members), from the Secretary, 
The Institute of Metals, 17 Belgrave Square, London, 
S.W.1. In connection with the meeting, an informal 
conversazione will be held at 17 Belgrave Square, 
London, 8.W.1, on the evening of Wednesday, 11th 
November. Tickets (price 6s.) can be obtained from the 
Secretary. 


Iron and Steel Prices 


THE Iron and Steel Board have recently announced 
changes of detail in some of their maximum price sched- 
ules, which will, however, have no appreciable effect on 
the overall level of iron and steel prices. Certain weight 
and quality extras chargeable by plate producers have 
been reduced, and minor changes have been made in 
alloy forging ingot extras applicable to special purpose 
steels. The extras chargeable for small quantity sales 
by producers trading as stockholders have been increased 
in some cases. Alterations have been made in the basic 
hematite and foundry iron schedules, and in particular 
prices will in future include delivery from railway sta- 
tions to works without additional cost to consumer. The 
formula under which the prices of strip mill tinplate are 
varied in accordance with the average price of tin has been 
modified so as to eliminate narrow changes in the prices of 
tinplate. In consequence the prices of strip mill tinplate 
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which would have risen on October Ist under the previous 
formula have not done so. Maximum price control has 
been removed from the relatively small quantities of 
tinplate, tinned sheets and blackplate still produced in 
hand mills. The alterations became effective from 
September 28th. 


Cast Iron Lecture Course 


Tue British Cast Iron Research Association, jointly with 
the Metallurgy Department of the Royal College of 
Science and Technology, Glasgow, has organised a series 
of lectures to be given in Glasgow at the Royal Colleze 
during October to December, 1959. This course of 
lectures, under the title “ Cast Lron as an Engineering 
Material ”’ is intended primarily for the engineer and 
designer : it aims to instruct or re-inform them on the 
metallurgy and properties of the material, and to indicate 
correct principles of design from the aspect of both the 
foundryman and the user of the casting 

Cast iron is one of the oldest and one of the most 
versatile of the cast materials. Research and industrial 
experience during the last twenty years have led to 
closer control in production methods, and the perfor- 
mance of a correctly specified and designed casting for 
a given service can be predicted with considerable 
accuracy. The improvement in the engineering status of 
cast iron is reflected in the more exacting requirements 
of British, continental and American standards, and in 
the range of new materials now available to the engineer. 

The programme comprises fourteen lectures, two to 
be given on each successive Thursday afternoon from 
October 22nd to December 3rd, 1959. With one excep- 
tion, the lectures will be undertaken by B.C.1.R.A. staff. 
Further particulars and enrolment forms can be obtained 
from the Secretary, The Royal College of Science and 
Technology, Glasgow, C.1 (tel: Bell 4400). The enrol- 
ment fee is £3 3s. for the course of fourteen lectures. 


Induction Heating Course 
A courRsE for users and potential users of induction 
heating is being organised by the R. F. Heating Division 
of Pye, Ltd., and will commence at 2 p.m. on Tuesday, 
December Ist, 1959 and conclude at 6 p.m. on Wednesday 


December 2nd. It will cover the theory of induction 
heating, the operation of the generator, and the design 
of coils for hardening, annealing, tempering, brazing, soft 
soldering and special applications. The course itself is 
free, but members attending will be required to pay for 
their living accommodation. Further details of the 
course, requests to attend, etc., should be addressed to 
Mrs. E. Raeburn, Pye Process Heating, 28, James 
Street, Cambridge. 


Corrosion in the Petroleum Industry 


A symposiuM on * Corrosion Problems of the Petroleum 
Industry *’, organised jointly by the Institute of Petro- 
leum and the Corrosion and Chemical Engineering 
Groups of the Society of Chemical Industry, will be held 
on Thursday and Friday, November 26th and 27th, 1959, 
in the Grand Council Chamber, Federation of British 
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Demonstration of Metrovick submerged arc automatic 

welding machine at an exhibition organised by the Heating 

and Welding Department of the A.E.I. Transformer 

Division, and held in Newcastle upon Tyne at the beginning 

of last month. It is to be repeated at the Midlands Elec- 

tricity Board Showrooms, Aston, Birmingham, from 
October 19th to 30th, 1959. 


Industries, 21 Tothill Street, London, S.W.l. A 
reception for participants in the symposium and their 
guests will be held at the Washington Hotel, Curzon 
Street, W.1 on the evening of Wednesday, November 
25th. Members of the Society of Chemical Industry or 
the Institute of Petroleum will pay a fee of £1, other 
participants £3. Further particulars and registration 
forms may be obtained from the Assistant Secretary, 
Society of Chemical Industry, 14 Belgrave Square, 
London, S.W.1. 


THe Morgan Crucible Co., Ltd., is co-operating with the 
North Western Electricity Board in practical demonstra- 
tions of high temperature equipment at the Board’s 
showrooms in the Town Hall Extension, Manchester, 
from October 26th to 30th, inclusive. Each day the 
exhibition will be open from 9.30 a.m. to 5.30 p.m., and 
specialist staff will be in attendance to discuss visitors’ 
problems. A number of high temperature furnaces 
illustrating the versatility of Crusilite furnace heating 
elements will be operating at temperature throughout 
the exhibition, and the complete range of elements now 
available, associated refractory materials, and experi- 
mental mock-up furnaces, will also be displayed. 


Junior Engineers in Scotland 


A MEETING of Junior Engineers, organised by the Iron 
and Steel Institute, will be held in Glasgow on Wednesday 
and Thursday, October 28th and 29th, 1959. The object 
of the Meeting is to provide an opportunity for the 
younger engineers and operators in the iron and steel 
and associated industries to discuss engineering prob- 
lems, and to visit works of interest. The latter will 
include the General Ore Terminus, Clyde Iron Works, 
Clydebridge Steelworks and Ravenscraig Iron and 
Steelworks of Colvilles, Ltd.; the Clydesdale Steelworks 
and Tube Works of Stewarts and Lloyds, Ltd., and the 
works of the North British Locomotive Co., Ltd. 


Personal News 


Mr. 8S. R. Howes, O.B.E., retired from the board of 
The United Steel Cos., Ltd., at the end of last month. 
He was appointed a Director in June, 1956, and assumed 
special responsibility for the Company’s then newly- 
created Department of Operational Research and Cyber- 
netics. Mr. Howes was formerly a Director and General 
Manager of Samuel Fox and Co., Ltd., a United Steel 
subsidiary : he remains Managing Director of Temple- 
borough Rolling Mills, Ltd., in which the Company has 
a financial interest. 

Mr. R. 8S. Meptock, Technical and Home Sales Director 
of George Kent, Ltd., has been elected President of the 
Society of Instrument Technology. 


THe Development Branch of the Development and 
Research Department of The Mond Nickel Co., Ltd., 
has recently been reorganised into four divisions under 
the General Managership of Mr. F. Dickinson, a Director 
of the Company. The divisions and their managers 
are: Ferrous—Mr. W. W. Bratpwoop, Non-Ferrous 
Mr. J. Hinpe, Applicational Engineering—Dr. A. B. 
Everest, and General (including Plating, Chemical 
Products and Nuclear Power)—Dr. E. C. Ruopes. Mr. 
L. W. JoHNson, at present Assistant Manager of the 
Department, relinquished his appointment at the end of 
September, having reached retirement age. 

Mr. A. Moore, “ Kareth,”’ 20 Eden Cresent, Leeds, 4. 
has been appointed Area Technical Sales Representative 
for Brayshaw Furnaces, Ltd., in the territories comprising 
Northumberland, Durham, Yorkshire, Leicestershire, 
Derbyshire, Northants and Lincolnshire. 


Mr. H. G. Srery, for the past six years Head of the 
Control Department has been appointed a Director of 
Londex, Ltd. 

Mr. P. B. Forrest has been appointed Works Manager 
of Fawcett Preston and Co., Ltd., the Metal Industries’ 
engineering subsidiary. 

Mr. J. E. Rosson, M.C., of Samuel Osborn and Co., Ltd., 
Sheffield, has been appointed to the Board of the 
Company. 

WALKER, CROSWELLER AND Co., Lrp., manufaturers of 
Arkon industrial instruments, announce that their 
Representative in the Midlands, Mr. W. W. NicHo.as, 
has left them to take up a teaching appointment at 
Birmingham Technical College. He will be succeeded 
at Walker Crosweller by Mr. E. W. TinsLey, who comes 
to them from Radiation, Ltd., where he was concerned 
with appliance development. 


Obituary 


WE regret to record the death on September 5th of Mr. 
W. J. Woop, Chief Assistant for the organisation of the 
Metropolitan-Vickers Works School, with responsibility 
for recruitment and selection of craft apprentices 
Joining the Company as an apprentice instructor in 
1920, he was associated with the pioneer developments 
of industrial education under Sir Arthur Fleming, former 
Director of Research and Education, and the late Mr. 
K. R. Evans. With almost forty years of work in the 
Education Department he will be affectionately remem- 
bered as “ Tiny Wood by thousands of M-V trained 
engineers in almost every part of the world. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Mineral Insulated Thermocouples 


British [NsuLATED CALLENDER’S CaBLEs, Lrp., who 
have for some time been manufacturing mineral insu- 
lated cables are now applying the principle of mineral 
insulation to thermocouple production. The thermo- 
couples consist of two dissimilar wires, welded together 
at the hot junction, embedded in highly compressed 
magnesium oxide insulant, and completely encased in a 
seamless, circular, stainless steel sheath. The positive 
conductor is of nickel-chromium alloy and the negative 
conductor of nickel-aluminium alloy. 

The thermocouples are produced in standard overall 
diameter sizes of 0-122 in. and 0-060 in., but inter- 
mediate sizes are also available. In the standard hot 
junction, the conductors are welded together, and the 
sheath is welded over to form a hermetic seal completely 
insulated from the conductors. This does not increase 
the overall diameter of the cable nor make installation 
any more difficult. For the first time, thermocouples of 
all sizes down to 0-060 in. diameter can be supplied with 
an insulated junction. At the cold end, a seal is fitted to 
prevent the insulant from absorbing moisture. The 
seal body is externally threaded to facilitate plain hole 
entry into junction boxes and instrument casings, 
where it can be held in place by lock-nuts. The cold end 
assembly will operate at temperatures up to 150°C, 
Alternative arrangements at both hot and cold ends can 
be made to suit customers’ requirements. 

These thermocouples are available in lengths up to 
100 yds., and the excellent conductivity arising from the 
small volume and high density of insulant gives rise to 
rapid thermal response. A recent addition to the range 
has been made possible by drawing on established cable 
manufacturing techniques. By laying up mineral 
insulated stainless steel sheathed thermocouples with 
stainless steel strands, a multiple flexible thermocouple 
of small overall diameter and high tensile strength is 
produced. 

British Insulated Callender’s Cables, Ltd., 21 Blooms- 

bury Street, London, W.C.A. 


Nickel-Chromium Casting Alloy 
Nimocast 712C nickel-chromium casting alloy has been 
added to the range of Nimocast alloys now available in 
the U.K. It is the Wiggin-made equivalent of Inconel 
713C, an investment casting alloy for high temperature 
service developed in the research laboratories of The 
International Nickel Company, Inc., and already 
specified for the turbine rotor blading of a number of 
U.S. gas turbine aero-engines. 

Nimocast 713C is one of a number of complex high 
nickel casting alloys developed in recent years for high 
temperature turbine blading. It combines outstanding 
strength with excellent resistance to thermal fatigue at 
temperatures up to 980° C., and is therefore of interest 
as a possible alternative to wrought alloys, which offer 
difficult production problems when developed for service 
at such elevated temperatures. In the U.S.A., where 
cast rotor blades are considered acceptable for production 
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TYPICAL PROPERTIES OF NIMOCAST 715 


Streas to Rupture (tons, sq. in 


Testing for a life of 
Temperature 
Material Cc.) 30 br. 100 hr 0) ber 1,000 ber 
As Investment S15 28-0 24-5 21-5 18 
Cast in S70 19-5 16-5 14°5 11 
Argon 12-5) (10-5) (8°5 
7-2 
As Investment S70 22-8 19-0 145 
Cast in 14-0 12-0) 


Vacuum 
engines, and are in fact used in substantial numbers, this 
alloy is now well-established and has won a reputation 
for reliability under arduous service conditions 
Nimocast 713C is readily castable and develops its 
best properties when cast in vacuum. Alternatively, it 
can be cast under a protective atmosphere such as argon 
A heat treatment of two hours at 1,170 C. followed by 
air cooling is beneficial, but is not essential unless the 
maximum mechanical properties are required. Typical 
properties of the as-cast material are given in the table. 
Henry Wiggin & Co., Ltd., Thames House, Millbank, 
London, S.W.1. 


Metal Cleaning Equipment 

A COMPLETELY new range of standard industrial spray- 
washing equipment has just been introduced by the 
Electro-Chemical Engineering Co., Ltd., comprising 
single and two-stage machines fitted with either mesh 
belt, flight bar or overhead monorail conveyors. All 
machines can be supplied with drying sections, if 
required, and they incorporate several special features 
not previously available in standard industrial cleaning 
equipment. Particular attention has been given to those 
design aspects affecting accessibility, maintenance and 
safety. 

In operation, the parts to be cleaned are loaded on to 
the conveyor and carried through a steel canopy where 
they are sprayed from top, sides and bottom with pump- 
circulated cleaning agent from stainless steel nozzles 
adjusted to give the maximum coverage of the work. 
Full width, roller mounted sliding doors and a trans- 
lucent glass fibre roof hatch improve access to the 
canopy interior. Vertical monoblock pumps are em- 
ployed, which eliminate external pipework and gland 
spillage. The two canopy openings are provided with 
internal lip extraction ducts, connecting into fume 
extraction stubs mounted on top of the machine. 
Emergency stop buttons are fitted to each end of the 
conveyor, the drive mechanism of which is fully guarded. 

The solution tank is fitted with removable covers and 
a quick-release door, with a space between the tank 
bottom and the shop floor to give access for hosing down. 
A quick-filling water service connection is provided, 
with a float valve to maintain the cleaning agent at 
constant level during operation. An overflow weir 


prevents overfilling, and enables floating contaminants 
to be removed from the surface of the cleaning agent : 
a sloping bottom and drain sump allow complete empty- 
ing of the tank. 
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Single-stage flight-bar conveyor industrial spray washing 
machine. 


Pump output is rated to permit solids to settle before 
recirculation of the cleaning agent, and delivery is con- 
trolled by a hand valve: the suction side is protected 
by detachable strainers. The pressure and temperature 
gauges are flush mounted in a sealed chamber, which 
protects them from physical damage and ingress of 
water vapour. All exposed metal parts of the machine 
are phosphated and painted with two coats of alkali- 
resistant enamel. Heating is by gas, high pressure hot 
water, steam or electricity : thermal insulation is avail- 
able as an optional extra. 

The standard range of sizes includes conveyor widths 
of 18 in., 24 in. and 30 in. for the belt and flight bar 
machines. Variable speed drives and special heavy duty 
conveyors are available as optional extras. 

Electro-Chemical Engineering Co., Ltd., Sheerwater, 

Woking, Surrey. 


Personnel Protection Densitometer 


Tuts instrument has been designed for the rapid and 
accurate measurement of density of processed protection 
film badges used by radiographers. It enables low levels 
oi density to be measured with a high degree of accuracy 
and, furthermore, may be used as a precision general 


Personnel protection densitometer for radiographic film 
badges. 


purpose densitometer. The instrument comprises two 
units, a controlled light source and a vacuum photo- 
electric cell with a D.C. amplifier. 

The light unit is fed from a constant voltage trans- 
former and has a coarse and a fine rheostat fitted for 
the control of level of illumination. The measuring 
table is of sufficient area to enable large X-ray plates to 
be measured also. The standard instrument is fitted 
with two viewing apertures, one jj; in. in diameter and 
the other ~ in. in diameter. With the large aperture, 
densities up to 6 can be read easily. 

The output from the photocell is fed into a highly 
stable D.C. amplifier fitted with two inter-calibrated 
meters, one scaled to read over the density range zero 
to 2-0 and the other scaled to read zero to 0-5. A 
switch is provided to enable the user to change from one 
meter to the other. The D.C. amplifier is fitted with a 
range switch, which extends the scale of the standard 
meter by a factor of 3, thus leading to higher reading 
accuracy on high density. The instrument is portable 
and easy to use, which renders it suitable for semi- 
skilled operators. 


Baldwin Instrument Co., Ltd., Brooklands Works, 
Dartford, Kent. 


Lead Bricks 


A NEw lead brick for use in shielding personnel against 
alpha, beta and gamma rays has been produced by a 
special pressure moulding technique by British Lead 
Mills, Ltd., a member of the Firth Cleveland Group. 
The company was approached by the U.K.A.E.A. 
Harwell some time ago and after a period of close liaison 
with Harwell a pressure moulded lead brick was produced 
by the company at Welwyn Garden City. This brick 
was accepted by Harwell as a standard for all future 
requirements. The company claims to be the first in 
the field with lead bricks produced by pressure moulding, 
which ensures the greatest density and freedom from 
porosity and inclusions within the fine limits permissible 
under Harwell’s very rigid specification. 

These bricks are produced in 2 in. and 4 in. thick- 
nesses in the form of standard, corner, top and bottom 
bricks, and also half or even quarter bricks, which can 
be built up into a complete surround by virtue of their 
interlocking nature, to give the maximum thickness at 
any point of 2 in. or 4 in. or multiples thereof. 


British Lead Mills, Ltd., Byron House, 7 9, St. James's 
Street, London, S.W.1. 


Pneumatic Selector Relay 


A RELAY which will accept two signals in the 0-100 
lb. ‘sq. in. range and always pass the higher signal has 
been added to the range of pneumatic relays produced 
by Sunvie Controls, Ltd. Known as the Model 58S, it is 
intended to complement the Sunvic Model 61F booster 
relay, which is a minimum auto-selector. These two 
relays combined have a variety of applications. For 
instance in a system measuring several different values 
of the same parameter, it may be necessary to know the 
highest or lowest value ; the extreme pressure is always 
indicated on a receiver. These two relays may also be 
used for over-ride controi in which one variable is con- 
trolled, the rest being tied in through the selector relays. 
If any of these other variables reaches an extreme value, 
its controller output is transmitted to the control valve : 
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this system eliminates the use of extra control valves. 
The Model 588 relay will operate in ambient temperature 
from — 40° F. to + 180° F., and the maximum opera- 
ting pressure is 100 Ib. sq. in. As there is no re-trans- 
mission, there is no time delay. 

Sunvic Controls, Ltd., P.O. Box 1, Harlow, Essex. 


SELECTOR RELAYS 


- 


RECEIVER 


(a) 


Press Clutch Valves 

CoMmPLETE fail-to-safe features for any electro-pneumatic 
system can be achieved with the I.G.E. patent Saffail 
valve, which is designed so that there is five times the 
force available to move the operating spool from ‘on ”’ 
to * off’ than is available to move it from “ off” to 
“on.” This differential is checked electrically every 
operation, and when the differential drops, through any 
fault, the valve is locked “ off’ until the fault is rectified. 
For the control of electro-pneumatic power press clutches, 
1.G.E. have designed around this valve a control system, 
which gives complete self-checking of all electrical 
circuits as well. Thus the complete system provides 
the best safeguard available against uncovenanted or 
repeat strokes of the press. The valve is manufactured 
to 1.G.E. specification by Messrs. TAL Numaties, whose 

own special spool construction is incorporated. 
J. P. Udal, Ltd., 1.G.E. 
Road, Birmingham, 12. 


Atomic-Absorption Spectroscopy 
Equipment 


ATOMIC-ABSORPTION spectroscopy is the measurement 
of the depletion of a beam of light as it passes through a 
population of free atoms—usually a flame. The deple- 
tion is due to the resonance of the light with the free 
atoms and occurs at distinct frequencies characteristic 
of the absorbing elements. Since an absorption line is 
extremely narrow, its intensity cannot be measured 
accurately against the background of a continuous 
spectrum; therefore monochromatic light at the 
resonance frequency must be used. 

Atomic-absorption spectroscopy is an accurate and 
sensitive method of analysing metal samples in solution, 
and is particularly suitable for analysing samples that 
are not amenable to other methods of spectrochemical 
analysis. In atomic-absorption spectroscopy, as in 
flame photometry, a solution of the sample is sprayed 
into a flame, but it is the absorption of light by free 
metal atoms in the flame, and not the emission, that is 
measured. This method has many advantages: its 
accuracy is not affected by the temperature of the flame; 
it determines elements not excited in a flame; it is very 


Automotion Division, Court 
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Diagram of pneumatic selector relay : 
system ; 


(a) monitoring 


(b) override control. 


sensitive; and it avoids the effects of inter-element inter- 
ference. 

The Hilger atomic-absorption equipment consists of a 
hollow-cathode lamp emitting light of the resonance 
frequency, and a specially designed flame-vaporiser. 
It is designed for use with the Hilger Uvispek spectro- 
photometer, but may be used with similar spectro- 
photometers. It is best used with recent models of the 
Uvispek, for then the spectrophotometer needs no 
modification, and may be used for normal spectro- 
photometry without dismantling the equipment. 

Hilger & Watts, Ltd., 98 St. Pancras Way, Camden 

Road, London, N.W.1. 


Sigrist Photometers 

SOUTHERN INSTRUMENTS, Lrp. can now supply in the 
U.K. the Swiss Sigrist photometers, which may be 
divided into two main categories, for industrial and 
laboratory use, respectively. All types employ a design 
feature which enables continuous measurements of 
turbidity and colour to be carried out, independent of 
common sources of error such as variations in photocell 
sensitivity, light source intensity and amplifier gain. 

One type of Sigrist industrial photometer uses flow 
cells for turbidity and or colour measurements having a 
wide variety of finishes for corrosive liquids and gases. 
Other types enable turbidity measurements to be made 
from the surface of a liquid and colour measurements 
from a free flowing jet. Weather-proof cases make 


operation possible under the most arduous conditions. 

The Sigrist laboratory photometer makes turbidity 
and colour measurements possible from static measuring 
vessels, and, due to its independence of instrumental 


The Sigrist photometer. 
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variations, many samples may be continuously compared 
with a standard over long periods, without adjustments. 
The laboratory photometer may be fitted with a built- 
in monochromator and recorder if desired. 


Southern Instruments, Ltd., Frimley Road, Camber- 
ley, Surrey. 


Cupola Dust Collector 


Tue solids discharged to atmosphere with the stack gases 
may amount to as much as 10 1|b./min. in the case of 
large cupola installations. It is not surprising, therefore 
that such emissions, which constitute a serious nuisance 
in the vicinity of the plant, infringe the requirements of 
the Clean Air Act. To meet the need for dealing with 
this problem, the Holmes-Schneible S.W. cupola dust 
collector has been introduced. 

The S.W. collector consists of an outer shell and collec- 
tion trough supported on an angle ring welded to the 
cupola stack. A deflector cone is supported from the 
collector shell in such a way that the cupola gases are 
confined to the annular passage between the edge of the 
cone and the collector shell. A non-clogging, adjustable 
distribution head of patented design distributes the 
water equally over the surface of the cone without the 
use of sprays. The gases thus pass upwards through a 
water curtain which removes the ash and cupola grit, the 
water and collected solids impinging on the inside of the 
collector casing and running down into a collection 
trough, from whence they drain to a Schneible recircu- 
lating and dewatering tank. An adjustable entrainment 
baffle is fitted in the collector to arrest droplets of water 
that would otherwise be carried away by the gas. The 
dewatered sludge is discharged automatically and the 
clarified water recirculated. 

W. C. Holmes & Co., Ltd., Gas Cleaning Division, 

P.O, Box Bi, Turnbridge, Huddersfield, Yorks. 


Aluminium Bale-out Furnace 
THE need for minimising heat losses in melting and 
holding at temperature aluminium for die casting 
prompted the design by Industrial Furnaces, Ltd., of a 
unit for this purpose. The illustration shows a furnace 
of the open-top type, but other models available include 
one fitted with a counterbalanced swing-clear lid. 


Open top aluminium holding furnace 


The furnace is electrically heated, and the special 
elements, supported in new type carriers, are designed to 
give a rapid and even heat input for melting and a low 
input for holding. The input is three-phase, and the 
heating rates can be varied to suit individual require- 
ments: a typical unit will heat 300 Ib. of aluminium 
from cold to 800° C, in 2} hours. Temperature control is 
automatic, and rapid melting of aluminium make-up 
minimises loss of production time, and ensures a steady 
aluminium pouring temperature throughout the day. 


Industrial Furnaces, Ltd., Kingswinford, Staffs. 
Compensated Flow Measurement 
THE size of an orifice plate for measurement of gas flow 
is calculated for one temperature and one pressure ; it 
follows that any variation in either will affect the 
accuracy of the final reading. In most cases, variations 
are small and the effect on metering accuracy is negligible. 
However, instances do arise in which large changes in 
either pressure or temperature, or both, are encountered, 
and it is then necessary to apply a correction. 
Honeywell Controls, Ltd., are now able to supply a 
system providing automatic compensation for either 
temperature or pressure, or both—using the Sorteberg 
Force Bridge pneumatic relay. This is essentially a 
multiplying and dividing unit which corrects the flow 
signal for pressure and temperature changes. The 


The Sorteberg force bridge 
pressure and temperature transmitters are calibrated 
from absolute zero to the maximum values for which 
compensation is required, expressed in absolute units. 
Transmission is such that zero absolute is 3 Ib. sq. in., 
whilst the maximum reading gives 15 |b. sq. in. The 
flow transmitter is a standard differential converter, or 
similar transmitter, which does not incorporate square 
root extraction. 

Honeywell Controls, Ltd.. Ruislip Road East, 

Greenford, Middlesex. 
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CURRENT LITERATURE 


Book Notices 


FIFTH INTERNATIONAL CONFERENCE ON HOT 
DIP GALVANIZING 

Edited Proceedings of the Conference held in Holland and 

Belgium in June, 1958. 354 pp., numerous diagrams and 

illustrations. Published by the Zine Development Association, 

34 Berkeley Square, London, W.1. 63s. 

THREE hundred and fifty delegates from twenty coun- 
tries attended the Benelux Conference in Hot Dip 
Galvanizing in 1958, when twenty papers by nineteen 
authors from eight countries were presented for dis- 
cussion. These papers are printed as ten chapters in 
this book, and each chapter concludes with an edited 
account of the discussion which followed. In a number 
of cases, important written contributions received since 
the Conference have been included to bring the book 
completely up to date. Many aspects of interest to both 
specialist and general galvanizers are described, and users 
of galvanized products will find the chapters on painting 
and thickness testing of considerable interest. 

Chapter | consists of three papers on pickling and 
fluxing. In the first, ** Efficiency of Hydrochloric Acid 
Pickling,” F. Sjoukes (Netherlands) discusses the factors 
which influence acid loss and pickling time: formulae 
and test methods are giver in appendices. R. Haarmann 
(Germany) describes the Ruthner process in his paper 
* Reclamation of Hydrochloric Acid from Spent Pickle 
Liquors,” and performance data and operating costs 
are given for two plants. It is estimated that the 
process is economic for throughputs of a thousand tons 
of steel per month, but future developments will prob- 
ably enable smaller installations to be used profitably. 
J. Hille and W. Durrwachter (Germany) present a paper 
entitled ** The Behaviour of Molten Fluxes for the Hot- 
Dipping Process in Zine, Tin and Lead.’ It describes 
experimental work which seeks to break away from the 
merely qualitative assessment of flux behaviour. 

Modern methods of heating are rapidly replacing the 
old coke-fired installations throughout the galvanizing 
industry, and very wide interest is shown in the new 
developments. The four papers on bath heating are 
collected in Chapter 2. J. G. C. Pope (U.K.) presents a 
comprehensive account of oil firing, in which he dis- 
cusses the properties of fuel oils, setting designs, tem- 
perature control and control systems, oil storage, oil 
heating, filters, burners, combustion chambers, stack 
losses, ete. R. Haarmann describes a top heating system 
for a wire galvanizing plant, discussing alternative hood 
positions, temperature distribution and ash formation, 
and comparing them with side fired baths. In his paper 
* The Line Frequency Induction Furnace for General 
Galvanizing,’ H. Chapman (Canada) outlines the induc- 
tion heating of a galvanizing bath used by his company 
for hand dipping, and A. Parent (Belgium) describes an 
electric resistance heating system, in which the elements 
are immersed in molten lead surrounding the bath. 

P. Hoesli and E. C. Mantle (U.K.) describe their 
researches on zine efficiency in the paper * Survey of 
Galvanizing Processes with Particular Reference to the 
Efficiency of the Use of Zinc,” which forms Chapter 3. 
Four kinds of galvanizing process—the dry process, 
the wet process, the old dry process and the modified 
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wet process—are defined and their efficiency assessed in 
terms of zine consumption; zine losses in ash, flux 
skimmings and dross ; coating weight ; flux consump- 
tion and labour. 

Chapter 4 consists of H. Bablik’s ‘* Comparison 
Between the Cook-Norteman and Sendzimir Process.”’ 
This paper, and those on wire galvanizing, were included 
to cater for the interests of specialist galvanizers attend- 
ing the conference. Dr. Bablik surveys the history of 
strip galvanizing and deals in an elaborate way with the 
mechanical properties of the product, as well as the 
thickness, uniformity and composition of the coating. 
The factors affecting these properties are considered with 
characteristic thoroughness. 

* The Effect of Painting on the Corrosion Resistance 
of Galvanized Steel ’’ by P. Morisset (France) forms the 
subject matter of Chapter 5. An attempt is made to 
evaluate the performance of painted and unpainted 
galvanized samples by using accelerated corrosion tests. 
Colour photographs of panels subjected to the salt spray 
test and the Industrial Building Cycle are included, and 
the article concludes with a discussion of the nature of 
the additional protection given to galvanized steel by 
paint. 

Chapter 6 consists of two papers on wire galvanizing. 
B. Ulrich (Netherlands) on the one hand, and the Italian 
team of F. Baldi, G. Garbelli and A. Pirozzi on the other 
discuss the effects of hot dip galvanizing on the mech- 
anical properties of steel wire. 

Three papers on the influence of bath and steel com- 
position on galvanized coatings make up the seventh 
chapter. J. J. Sebisty and J. O. Edwards (Canada) 
discuss the influence of aluminium, lead and iron; J. J. 
Sebisty studies surface carbides, differential steel attack 
and pore formation in the galvanizing process, and W. 
Gerber, R. Gloor and H. Oertli (Switzerland) consider the 
influence of steel quality, particularly the silicon content, 
on coating thickness. 

The importance of coating thickness has led to exten- 
sive efforts to develop a non-destructive method of 
measurement. In Chapter 8, after describing various 
destructive methods of measurement, W. Peppler 
(Germany) goes on to discuss, at length, magnetic and 
electro-magnetic methods, and to consider the influence 
of the magnetic permeability of the basis steel, and of 
the area, thickness and curvature of the sample. He 
concludes that there is no insurmountable objection to 
the use of magnetic gauges on heterogenous coatings 
such as those obtained by hot dip galvanizing. 

The drive for greater efficiency in industry since the 
war has led to increased attention to materials handling, 
the subject matter of Chapter 9. A. G. Northcott of the 
Zine Development Association has spent many years 
applying work study techniques to the galvanizing 
industry, and sets forth his conclusions in his paper 
Materials Handling In Galvanizing.” A subsidiary 
paper by C. van Kempen (Holland) approaches the 
problems practically and discusses handling in relation 
to costs. 

The final chapter of the book consists of two papers 
on the theme of the Brussels World Fair, under whose 
auspices the conference was held, * Human Progress 
Through Technical Progress.”” R. Palmers (Belgium) 
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describes the improvements in working conditions in the 
galvanizing shop which have resulted from technical 
progress, and R. L. Stubbs, Director of the Zine Develop- 
ment Association, shows, in his historical survey, the 
way in which developments in galvanizing have con- 
tributed step by step to human progress throughout the 
last 150 years. 


Trade Publications 


THE properties and fabrication of high-strength low- 
alloy steels are receiving considerable attention in 
connection with the increasing use which is being made 
of the materials in aeronautical applications. Of 
interest in this respect are nine papers presented, in 
1958, at an American symposium on High-Strength 
Steels for Aircraft, abstracts of which form a feature of 
the July issue of The Nickel Bulletin. The other items 
of the issue are relevant to many of the industrial fields 
in which nickel-containing materials find application. 
Reference is made, for example, to papers on extraction 
and determination of nickel and on direct-rolling of 
nickel strip, while abstracts on nickel plating cover 
investigations concerned with the influence of plating 
variables and the quality of the deposits. Structural 
studies on nickel-containing non-ferrous alloys are noted, 
and in the section on nickel-iron alloys attention is 
directed to papers presented at a conference on magnetic 
materials. Cast-iron interests are represented by items 
on the thermal and elastic properties of various grades 
of iron, the use of Ni-Hard for mill liners, and the applica- 
tions of S.G. iron in steelworks. The largest section of the 
issue, that concerned with nickel-containing heat- and 
corrosion-resisting materials, contains forty abstracts 
covering papers on properties, fabrication and applica- 
tions. The issue also includes the quarterly review of 
recent patent literature. 

We have recently received from The Incandescent Heat 
Co., Ltd. three brochures dealing with foundry plant. 
Two of them are concerned with equipment manufactured 
under licence from the Whiting Corporation, Harvey, 
Illinois, U.S.A. Publication F.P.1 is concerned with 
cupolas and chargers and is extensively illustrated with 
views of recent installations with melting rates ranging 
from 4 to 20 tons per hour. Where a low melting rate is 
required, the Whiting Cupolette is available, and this too 
is referred to in the brochure. Incandescent-Whiting 
wet dust arresters are featured in publication F.P.2, 
together with associated sludge handling plant. Con- 
siderable savings are claimed for the use of hot blast 
in cupola operation, and Incandescent brochure F.P.: 
describes air heating equipment in which fuel is com- 
pletely burnt in a high intensity combustion chamber, 
mixed with a proportion of waste gases and passed 
through a heat exchanger. The blast air to be heated 
makes a single pass through a bundle of straight tubes 
in the heat exchanger. 

ARALDITE epoxy resins today enjoy wide acceptance 
and a reputation for remarkable and consistent per- 
formance, and designers in many spheres of engineering — 
aircraft, marine, automobile and electrical—regularly 
specify them. Almost every material in common use can 
be bonded, and these resins are being used ever more 
widely throughout industry and in the domestic field. 


A number of different types is available and Ciba (A.R.L.) 
Ltd., Duxford, Cambridge, have now published a book- 
let which will be of value for those wishing to select the 
best adhesive for use with particular materials and for 
special applications. Recommendations are also made 
for the pretreatment of materials, where necessary. 


FEATURED in the June, 1959 issue of The English 
Electric Journal is an article on non-destructive testing 
in electrical engineering, by D. J. Griffiths, Works 
Radiologist at Stafford. In addition to radiographic 
methods, the author discusses ultrasonic flaw detection, 
magnetic crack detection, magnetic sorting methods, 
conductivity measurements, thickness measurement, 
leak detection and, more briefly, techniques such as 
sulphur printing, the dye penetrant process, electro- 
static crack detection, and the brittle lacquer method of 
stress measurement, and concludes by referring to the 
possibilities of new developments such as the image 
intensifier and xeroradiography. 

To the wide range of technical literature issued by the 
Copper Development Association, there has now been 
added a publication covering the comparatively new, 
but extremely interesting, subject of the production of 
brass and copper-base alloy components by hot pressing 
and forging. The advantages to be gained by the use of 
these methods when applied to brass and other copper- 
base alloys are fully described, together with the various 
stages of manufacture. Details are given of the relevant 
material properties, and of the presses and tools em- 
ployed ; some useful hints on design are also included. 
With the co-operation of several specialist organisations, 
it has been possible to provide a considerable amount of 
data which has never before been dealt with so compre- 
hensively under one cover. 

THE increasingly severe conditions of modern blast 
furnace operation call for new and better refractories. 
To meet this need, General Refractories, Ltd., have 
made improvements in the existing Foster range, and 
introduced completely new types of blast furnace 
refractories. A new leaflet issued by the company lists 
the available grades—which include Numax, Sillmax 1, 
Foster High Grade 8, Foster Crown 8, Foster Carbon, 
and Amberlite Insulating—and shows by coloured 
sketches the locations in which each grade is used in 
both the blast furnace and the hot blast stove. 


THE principal article in the June issue of The Wilde- 
Barfield Heat Treatment Journal is a resumé ofa lecture 
on modern heat treatment equipment given by Mr. 
L. G. W. Palethorpe, the company’s chief metallurgist. 
during a course on modern heat treatment practice 
organised by the Department of Mechanical Engineering 


at the College of Technology, Bristol. Other features 
deal with mains frequency crucible type induction 
melting furnaces; an enamelling furnace at West 
Bromwich ; and a sealed quench bright hardening unit 
at Wolverhampton. 


DANGER attends the use of steel tools in an area of 
potentially explosive material, and special non-sparking 
tools have been developed for service in such environ- 
ments. A brochure recently issued by Charles Carr, Ltd., 
Grove Lane, Smethwick 40, Birmingham, details the 
Lily brand aluminium bronze made by the company 
and available as shovels, scrapers, crow bars, picks, 
caulking tools, hammers, chain, spanners, chisels, 
wedges, screw-drivers, pliers, clamps and spikes. 
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the one that got away... 


Friday fish, to find one of the few anglers 
whose hooks are not hardened in 

Birlec furnaces! For all small steel parts 
needing accurate production hardening 

and tempering, Birlec shaker hearth furnaces 
are pre-eminently suitable. 


BIRLEC SHAKER HEARTH 
Surnaces are available in standardised 
capacities with appropriate non-scaling, 


non-decarburising atmosphere control. 
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Electrical Aids in Industry 


‘Cightiag-1 


Good lighting affects productivity in three ways, 
(1) by directly increasing the speed of working and 
reducing errors and wastage, (2) by improving 
overall factory efficiency through better supervision 
and housekeeping, (3) by providing better working 
conditions, thus improving labour relations and 
avoiding frequent changes of workpeople. 


It is not possible to judge by the eye alone 
whether the lighting in any factory is good enough 
to serve these purposes because the eye has a 
tremendous range of adaptation (vision of some 
kind is possible within an illumination range of 
1,000,000 to 1) and is hence an unreliable 
measuring instrument. Severe mental and eye 
Strain or unconscious slackening of working speed 
may occur under lighting which appears to be 
adequate. 


The only reliable way to appraise factory lighting 
is to conduct a lighting survey using a lightmeter, 
an inexpensive instrument which measures the 
actual illumination available. These figures can 
then be compared with official recommended 
values for the various tasks. 


Lighting Survey 
A methodically conducted lighting survey is the first 
step towards achieving good productive lighting. 
The average artificial illumination at working height 
should first be measured. This requires a number of 
readings at various posi- 
tions relative to the 
lighting fittings, particu- 
larly beneath and be- 
tween fittings and by the 
wall. The average of 
the readings should then 
be compared with the 
illumination values recommended by the Illumi- 
nating Engineering Society. The following is a 
general guide to illumination requirements. 


ILLUMINATION 
LUMENS/SQ.FT. 


NATURE OP 
WORK, PROCESS OR MATERIAL 


Rough or routine work. Large detail. 
Medium to light material of good 
contrast. 

As above, but work rather more 
skilled or critical. 

Ordinary work usually involving 
workers’ inspection. 

Medium detail and contrast. 
Fairly critical work, fairly small 
detail or poor contrast. 

Skilled work, small detail 

or dark material. 

Fine or critical work, very small 
detail, very poor contrast or 

very dark material. 

Very fine exacting work. 


Minute work. 


Data Sheet NO. 6 


In addition, readings should be taken at selected 
working points with the lightmeter so placed that it 
measures the light on the work while the operative 


is working. This will indicate whether full use is 
being made of the light or whether shadow is 
obscuring part of it. 


Glare 

Any direct light on the eye tends to reduce its 
sensitivity—thus reducing the power to see. 
Increasing the intensity of the light source may 


therefore not improve matters unless care is taken to 
avoid glare either by correct positioning or by the 
use of correctly matched reflectors and lamps. 


Walls and Ceilings 

Certain surfaces and certain colours absorb light and 
therefore do not make the best of a light source; 
others reflect light and, so to speak, feed back on to 
the work a portion of the lighting which would 
otherwise be lost. Bright walls, moreover, have a 
good psychological effect which makes for contented 
—and therefore productive — operatives. 


Shadows 
Unnecessary shadows may seriously slow down work 
and also cause accidents. Lightmeter readings 
should always be taken under conditions exactly 
similar to those obtaining while a. 
work is going on. The operative 
himself may mask his work, an __- 
overhead crane or a heavily loaded” 
conveyor belt may periodically 
obscure a light fitting, or a dust- 
laden atmosphere may reduce the 
designed lighting values. 


For further information, get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone : TEMople Bar 9434. 
Excellent reference books are available on 
electricity and productivity (8 6 each or 9/- post 
free) —“‘ Lighting in Industry"’ is an example. 
E.D.A. also have available on free loan in the 
United Kingdom a series of films on the 
industrial uses of electricity including one on 
industrial lighting. Ask for a catalogue. 
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Test Blocks for Indentation Hardness Testing 
By Mrs. J. G. Wood, B.Sc. (Eng.) 


Vol. LX, No. 359 


(Communication from the National Physical Laboratory) 


The methods adopted at the N.P.L. for the production of standard hardness test blocks in the 

range 200 to 950 HV for the Vickers and Rockwell indentation hardness tests are described. 

Typical results from examination of the finished blocks demonstrate the excellent and 
consistent uniformity of hardness achieved. 


and, under proper control, probably the most 

accurate means of verifying hardness testing 
machines. Such blocks, calibrated by the manufacturers 
or one of the standardising authorities, are commercially 
available for the three principal types of indentation 
hardness measurement, i.e., Vickers, Rockwell and 
Brinell, and for the full range of hardness required in 
industry. The standard test blocks provide the means 
for transferring to industry the standard of hardness 
maintained by the manufacturer or the standardising 
authority, and it will be evident that (a) the standard is 
essentially vested in the machine used for their cali- 
bration, and (4) the accuracy with which the standard is 
transferred through the medium of the test block, will 
be very much governed by the uniformity of hardness 
of the block, since the calibration must be based on a 
“sample test ’’ of five—or at most ten—indentations for 
economic reasons. 

In recent years, a close study has been made at the 
National Physical Laboratory of the problems associated 
with the establishment and maintenance of high grade 
standards for the Vickers (HV) and Rockwell (HRC and 
HRB) scales of hardness. A new deadweight machine 
for the HV scale, employing loads of 30, 50, 100 and 
120 kgf., and exploiting new principles of load control 
during the indenting process, has been constructed!, and 
a new deadweight machine for the HRC and HRB scales 
is at present being built. A critical examination of the 
performance of the deadweight Vickers machine has been 
made. The use of statistical techniques permitted 
separate evaluation of the effect of most of the factors 
which influence the measurement of hardness by such a 
machine, but it was not possible to separate test block 
variability, i.e., variability due to non-uniformity of 
hardness of the block, from machine variability, i.e., 
variability due to random errors in the indenting pro- 
cedure. To establish the precision of the machine itself, 
it was therefore essential to use test blocks of the highest 
attainable uniformity of hardness. None of the com- 
mercial sources of blocks—and they were sought through- 
out the world—consistently provided the requisite 
degree of uniformity, and it was thus necessary to 
investigate at the Laboratory the possibility of making 
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the more uniform blocks needed. The techniques 
developed provided standard test blocks covering the 
range 200 to 950 HV which were uniform within 10 HV 
at the upper end of the scale and within 4 HV at the 
lower end. Furthermore, all the blocks of a batch 
prepared at one time showed the same degree of uni- 
formity and had closely the same hardness, a point of 
considerable importance when an extended series of 
measurements involving some two hundred or more 
indentations has to be made at any required hardness 
level. These blocks have enabled a full appraisal of the 
accuracy of the machine to be made. It has also been 
established that they are uniformly hard to sufficient 
depth for use in the Rockwell scale of measurement. 

The availability of highly uniform standard hardness 
test blocks offers considerable advantages for the inter- 
comparison of the standards of hardness maintained by 
manufacturers and standardising authorities throughout 
the world, and thus contributes substantially to the 
realisation of a uniform standard of hardness. It also 
improves the accuracy with which the standard can be 
transferred to industry on the basis of a “ sample test ”’ 
of indentations. It is believed, therefore, that the 
techniques which have been evolved at the Laboratory 
will be of interest and value to those concerned with the 
calibration of hardness standards, and a description of 
the techniques is given in this paper. 

Material 

In initial experiments to obtain blocks harder than 
900 HV a plain carbon steel (1-1°, carbon, 0-4%, 
manganese) was used. These blocks are designated V in 
subsequent tables of results. In later work, when the 
method of production had been finalised and softer 
blocks were required, an alloy steel (1-0°,, carbon, 1-2°%, 
manganese, 0-6°, chromium, 0-5°, nickel, 
tungsten, 0-2°,, vanadium, 0-2°, silicon, 0-01°,, sulphur, 
0-03°,, phosphorus) known as “ Staytoform "’ was used. 
Blocks from this steel are designated F. Both steels 
were supplied in 2} in. by } in. bar, which was cut into 
24 in. lengths to form blocks 2-5 in. by 1-75 in. by 0-4 in, 

Preparation and Hardening 


The top and bottom surfaces of the blocks were 
ground to ensure a clean run-off of the heating medium. 
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Fig. 1.—-Effect of tempering Staytoform steel. 


File cuts were made in the edges at the corners, so as to 
leave the surfaces unbroken, and a supporting wire 
wrapped round the periphery leaving the surfaces 
unimpeded. 

The blocks were preheated to 450°C. and then 
immersed in a cyanide bath, containing 20-25°, sodium 
cyanide, for seven minutes. This period was found to 
be sufficient for the block to attain a uniform temperature 
without decarbonisation of the surfaces. The tempera- 
ture of the bath was maintained at 760°-780° C. for the 
plain carbon steel, and at 800°-820°C. for the alloy 
steel. It was found advisable to clean the bath before 
use with a regenerating salt, to prevent stray matter 
adhering to the surfaces and thus reducing the effective- 
ness of the quench over local areas. 

The blocks were quenched individually in brine, 
composed of | lb. sodium chloride to | gal. of tap water, 
at room temperature. Temperature changes of the 
quench of several degrees did not affect the uniformity 
of hardness, but quenching in water without salt, or in 
oil, always produced blocks with local soft areas. 


Tempering 

To relieve partially the stresses induced by the quench, 
the hardened blocks were boiled in water for one hour, 
with a resultant reduction in hardness of the order of 
60 HV. To obtain lower levels of hardness, the blocks 
were heated in an electric oven at temperatures ranging 
from 100°-750° C. The oven was rapidly raised to the 
required temperature, which was then maintained for 
three hours, after which it was allowed to cool slowly to 
room temperature. 

The effect of the tempering temperature upon the 
hardness of the alloy steel is shown in Fig. 1, which 


reveals a closely linear relationship over a wide tem- 
perature range, and a reduction of hardness of approxi- 
mately | HV fora 1° C. rise in the tempering temperature. 
Blocks of this steel may therefore be produced at any 
desired hardness between 200 and 880 HV, within close 
limits, by a suitable choice of tempering temperature. 


Mechanical Processing 


The blocks were wet ground on a rotary surface 
grinder using a 38A60-G8V BE wheel which was regularly 
redressed during the grinding operation and set to 
advance the cut automatically by 0-0001 in. at each 
traverse. The blocks were turned over frequently to 
compensate for up to 0-005 in. initial bend produced 
during hardening, and to remove the distortion arising 
as stresses were relieved during grinding. As soon as 
both surfaces had cleaned up, a further 0-004 in. was 
removed from the working surface in 0-0001 in. cuts, 
and then 0-001 in. was removed by an automatic lapping 
process using Norbide 220 grit abrasive. 

The surface was brought to a bright finish, with only 
fine abrasive scratches, by hand lapping with 2 um. 
diamond dust on a cast iron lap. A final mirror finish, 
with a centre line average roughness value of less than 
0-5 pin., was achieved by polishing on an 8 in. diameter 
wheel rotating at 400r.p.m., the wheel being covered 
with thin rayon material moistened with ethylene glycol 
as lubricant and lightly impregnated with | ~m. diamond 
dust. 

Recent limited experiments have shown that a dull 
lapped finish with a centre line average value of 3 pin. 
can be obtained straight from grinding on a commercially 
available automatic lap using a fine abrasive in an oil 
base. This eliminates both lapping operations in the 
earlier procedure, and is particularly useful for the soft 
blocks which are not amenable to hand lapping. 


Tests for Uniformity 


The uniformity of hardness of blocks heat treated and 
machined by the methods described has been established 
in three ways. 

(1) By indenting the blocks on the NPL deadweight 
Vickers machine with a load of 30kgf. and 
measuring the diagonals of the indentations on a 
specially designed measuring microscope. 

(2) By examining the metallurgical structure revealed 
by etching the polished surface of the block. 


TABLE I.—UNIFORMITY OF BLOCKS RANGING FROM 220 TO 880 HV 


Identification | Vickers Hardness | Number of Indenta-| ae” 
Number | (HV 30) tions in Set (HV units) 
x79 
877 
876 
860 
823 
825 
796 


~ 


METALLURGIA 


° 
> 600 
3 
bd 
700 
600 
500 
400 
300 
200 
‘3 100 
° 
° 100 200 
| 
: 
| 
F.5 795 
F.10 786 
F.12 | 
F.20 712 w 
F.22 711 
F.21 706 10 
F.26 610 Ww 
F.2 570 | n 
| 485 10 
F.42 } 429 | 10 
F.33 335 Th 
P.46 302 Ww 
239 10 
F.52 | 220) 1” 


(3) By determining to what depth uniform hardness 
extends. 
Results obtained by the first form of examination are 
tabulated in Tables I and II in terms of diamond 
pyramid hardness numbers, and those obtained by the 
third in Table IIL. 


Surface Hardness 


A representative number of F blocks within the range 
220 to 880 HV were examined by making sets of ten 
Vickers indentations randomly disposed over the surface 
of each block, though in a few cases, during the initial 
work, sets of only five indentations were made. The 
ranges of hardness observed in each set of indentations 
are given in Table 1. They show that the hardening 
technique developed gives consistent results, and the 
small range at the hard end of the scale, where most 
difficulty is experienced by industrial manufacturers, is 
particularly impressive. Although these values were 
obtained for a small sample of, at most, ten indentations, 
and therefore may not reveal the full variability of the 
hardness of a block, they do include additional vari- 
ability due to small inherent errors in both the indenting 
machine and the measuring microscope. 

A few F blocks which have been used extensively for 


experimental work provide a thorough examination of 


block variability. Many sets of ten indentations have 
been made on these blocks, and the minimum and 
maximum ranges observed, together with the average 
range, are tabulated for six blocks in Table I]. As might 
be expected, the maximum ranges are larger than those 
displayed in Table I for a single set of ten indentations, 
but no appreciable lack of uniformity is revealed. In 
contrast with Table 1, where the results are affected by 
the variability due to small sampling, the steadily 
decreasing average range shown in Table II confirms the 
generally accepted view that uniformity is improved by 
tempering. 

The overall range of a V type block was revealed in an 
experiment in which nineteen sets of five indentations 
were made over the surface of the block, giving average, 
minimum and maximum ranges of 6, 2 and Ill HV 
respectively. These indentations were all made under 
the same conditions and the total range observed for this 
very hard block of 950 HV was only 14 HV. 


Surface Structure 


For a metallurgical examination of the hardened 
structure, a particularly fine polish was obtained on the 
test surface, which was etched in a 2°, nital solution and 
then examined under a high power microscope. It 
became evident that a block of uniform hardness showed 
only martensitic structure, and that the presence of areas 
of troostite gave rise to inferior uniformity. This fact 
was demonstrated by the correlation between measure- 
ments of 35 indentations uniformly spaced over the 
surface of a V block and the structure surrounding each 


PABLE I1.—UNIFORMITY OF BLOCKS SUBJECTED TO A DETAILED 
EXAMINATION 
cation Hardness | 1 Indenta Range yy 
N ber 3 nits 
— (HV30) tions (HV unite) (HV units) (HV units) 
16 4 12 
F.15 877 16 9 1 13 
F.11 576 7 2 16 
F.1 697 6 5 
F.52 220 10 2 1-5 3 
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rABLE Ili.—UNIFORMITY OF HARDNESS AT LEVELS THROUGH A BLOCK 


Depth (in 0-008 O-OLs 0-023 0-033 
Hardness 

(HVS0) 931 932 926 927 
Range 

(HV units) 12 7 | 


indentation, which was revealed by etching to a limited 
extent, so that the troostite areas were appreciably 
affected whilst the martensite was only lightly attacked. 
The average hardness of the troostite areas was 924 HV 
with a range from 902 to 939 HV, while the average 
hardness of the martensite areas was 943 HV with a 
range from 940 to 949 HV. It should be noted that 
these ranges do not overlap, and the results emphasise 
the importance of fully hardening the steel in order to 


obtain the uniformity conferred by a martensitic 
structure. These distinct ranges also show the danger 


of applying statistical techniques to hardness values, 
which are unlikely to be normally distributed if more 
than one structure is present. 


Depth of Hardness 


The uniformity of hardness at different depths was 
obtained for a V block by indenting and etching at five 
levels through the block. The first level was the normal 
working surface, which is between 0-005 in. and 0-O10 in. 
below the original surface, and further amounts of 
0-003, 0-005, 0-010 and 0-010 in. were ground away in 
turn, the surface being lapped and polished at each 
stage. The average hardness measured and the range 
revealed by five indentations at each level are set out in 
Table ILI, and show that the first appreciable decrease 
in hardness occurred at a depth of about 0-030 in. below 
the usual working surface. This surface was the first 
to reveal traces of troostite, and was therefore considered 
to be the limiting depth for full hardening. From the 
constitution of the alloy steel, a greater depth of harden- 
ing may be expected from the F blocks, and it is therefore 
concluded that both types of blocks provide sufficient 
depth of uniform hardness for the Vickers and Rockwell 
tests envisaged at the Laboratory. 


Conclusions 

The three most important factors affecting the heat 
treatment process adopted are that the salt bath shall 
be free from sludge, that the temperature of the blocks 
shall be within the prescribed limits when quenched, and 
that the quench shall be rapid and uniform. The latter 
requirement was only fulfilled by the use of a brine bath. 

During mechanical processing, the grinding conditions 
are particularly critical: localised overheating of the 
surface by using a wheel of incorrect grit size or bonding, 
or by using too heavy a cut at any stage of the surfacing, 
may ruin an otherwise satisfactory block. It was for 
this reason that the removal of at least 0-001 in. of 
metal by mechanical lapping was introduced, since even 
the lightest grinding produces some local overheating. 

Flatness of the lower surface of the block is more 
important than is sometimes realised. A rocking block 
will enlarge Vickers indentations, while a block which 
flexes under load will not permit true depth measurement 
in the Rockwell test. Attention must therefore be paid 
to the grinding of this surface. 

A mirror finish, which is readily obtained with 
diamond dust polishing, even with soft blocks, is con- 
sidered to be essential if precision is to be obtained from 
the Vickers test. The high reflectivity of the polished 
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surface increases the contrast between the indentation 
and the surrounding surface of the block seen in the 
measuring microscope, and, in addition, the corners of 
the indentations are not marred by scratches or grinding 
marks. The mirror finish also provides a surface suitable 
for etching, and this technique provides a rapid means 
of revealing the presence of soft spots, which is particu- 
larly useful during periods of experimental hardening, or 
if there is doubt concerning the quality of a block. 
Hardness test blocks are now made by the heat 
treatment and finishing methods described, with con- 
sistently successful results, and the uniform blocks so 
provided have enabled a critical appraisal to be made of 
both the standard deadweight machine and the prototype 
measuring microscope which were built for the Vickers 
test at the N.P.L. In addition, they have enabled a 
critical examination to be made, in both Vickers and 


Rockwell tests, of the influence of small variations in the 
indenting cycle, and confirmed, what had been carlier 
suspected, that the cycle must be precisely defined. 
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A Simple Plow Tinea Cell for use with the Unicam 
SP.600 Spectrophotometer 
By C. J. Keattch,* A.R.LC. and P. W. Wright 


H. J. Enthoven & Sons, Ltd., 


HE Unicam SP.600 spectrophotometer, with its 
accurate method of wavelength selection and 
general extreme robustness, is an excellent instru- 

ment for colorimetric determinations on a routine basis. 
In repetition work, where the emphasis is on speed as 
well as accuracy, one of the instrument’s few disadvan- 
tages becomes manifest, namely the lack of a commer- 
cially available flow-through cell. 

It was an attempt to overcome this disadvantage 
that has resulted in the development of the simple flow- 
through cell described in this paper. The cell is used 
with the test-tube holder supplied by the manufacturers, 
but overcomes the drawbacks that accompany the 
orthodox use of this attachment; namely that the 
degree of accuracy attainable depends upon the quality 
and matching of the test-tubes used. Also that there 
can be a variance of up to 8-10% transmission by 
merely rotating the test-tube in the holder. 

The determination for which this cell was originally 
designed is the well-known method for determining 
copper using hydrobromic acid-bromine as the colour 
developing reagent. In this particular instance it has 
the added advantage that the corrosive hydrobromic 
acid fumes are excluded from the main body of the 
instrument—a criticism of the method quoted by many 
potential users. The use of this cell is not, of course, 
limited to this determination alone. 


Construction and Use 

The flow-through cell needs very little skill to make, 
and consists of a l-in. length of 3 mm. o.d. tubing 
blown on to the bottom end of a Pyrex test-tube 6 in. 
x 4in.t A length of polythene tubing is attached to the 
end of the glass tube. The cell is then assembled in the 
test-tube holder by threading the polythene tubing 
through one of the holes in the base of the holder and 
passing it underneath the instrument. It was found 
that this could best be accomplished if the spectrophoto- 


a Now at the Mond Nickel Co., Ltd., Acton, London N.W. 10. 
+ Also obtainable from R. & L. Slaughter, Mawney Road, Romford, Essex. 


Rotherhithe, London, S.E.16 


meter were raised slightly. This was achieved by re- 
moving the four rubber feet on the base of the instrument 
and replacing them by rubber door stops approximately 
1 in. high x | in. diameter. The end of the polythene 
tubing is connected to a vacuum line incorporating a 
glass stop-cock, to operate the emptying of the cell, and 
a reservoir to trap spent solution. 

To use the cell it is merely rinsed through two or three 
times with the solution, filled to a convenient height 
and a reading taken in the usual way. The instrument 
is set in the same manner. It was found that the light 
excluding cover supplied by the manufacturers was not 
necessary, completely reproducible results being obtained 
over a wide range of concentrations. These cells have 
been in routine use in our laboratories for more than a 
year with complete success. 
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“HE new plant of Nuclear Metals, Inc., at Concord, 
Massachusetts, is considered to be one of the most 
completely equipped metallurgical facilities in the 

U.S.A. Complete equipment is available to support 
research and development programmes extending from 
fundamental studies to fabrication and _ prototype 
manufacturing of large and complex products for the 
nuclear, aircraft, missile and electronics fields. A feature 
of the equipment is the extensive hooding and ventilation 
which permits handling toxic, radioactive, and reactive 
materials such as beryllium, uranium, enriched-uranium, 
thorium, zirconium, and yttrium. The plant is especially 
well equipped for high temperature work. 


Laboratory Building 


An H-shaped glass and brick structure was the best 
solution to the various parameters assigned to the 
architect, J. Q. Adams, in the design of the new research 
and development laboratory. These parameters included 
a need for maximum natural light for intricate metal 
working and fabrication activities, the use of very large 
amounts of electric power in the building, and unusual 
ventilation requirements. 

Long corridors in the building are softened by the use 
of alternating colours, and light pastel shades are used 
throughout the 86,000 sq. ft. building. The entire 
building is developed on four foot modular systems to 
allow ease of expansion or remodelling of the interior. 
All walls except those of the main corridor are easily 
movable, and the modular system permits rearrangement 
of the whole interior at minimum cost. The building is 
in three main parts. One leg of the “ H” contains 
reception and conference rooms, administrative, account - 
ing and library facilities, as well as laboratories. The 
cross bar of the “* H ” houses boiler room, electric switch 
rooms, telephone switchboard room and emergency 
generator. From this central location, the electric lines 
are carried to the far ends of the building. The central 
portion also contains lavatory and shower rooms, lockers, 
first-aid rooms, and a cafeteria. 

The other leg of the “‘H ” contains the melting and 
fabrication section of the building. This section contains 
the machine shop, foundry, fabrication, welding, sheet 
metal, and carpentry shops, together with a very large 
truck entrance for shipping and receiving. The 26 ft. 
ceiling in this area provides ample height for vertical 
presses, cranes and other apparatus. 

The equipment is described below according to the 
following functional classifications : (1) material prepara- 
tion and machining (2) fabrication and prototype 
production; (3) material treatment; (4) physical, 
mechanical, and chemical measurement, testing, and 
evaluation ; (5) other. 


Material Preparation 


A research or development effort usually begins with 
the production of suitable quantities of pure metals, 
alloys, ceramics, or cermets. Foundry equipment for 
melting in vacuum, atmosphere, or air, includes a 100 
kW. motor generator induction unit ; a number of 40 kW. 
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A 2 in. diameter biilet is ready for insertion in the liner 
of the 300-ton extrusion press. , 


and 20 kW. high frequency induction units ; quartz and 
internally cooled Micarta tube bottom-pour vacuum 
furnaces ; and facilities for making moulds and crucibles 
of materials such as beryllium oxide, zircon, magnesium 
zirconate, and high purity graphite. Melting capacity 
is up to 300 Ib. of uranium or 200 Ib. of steel in crucibles 
up to 9 in. internal diameter, and large vacuum systems 
permit melting up to 3,600° F. (1,982°C.) at vacuums 
as low as 25 microns. 

Under construction is a cold-crucible are melting unit 
capable of vacuum melting castings up to 8 in. diameter 
and 30 in. long ; the electrodes may be either consumable 
or non-consumable ; and power will be supplied by a 
6.000 A. D.C. rectifier source. 

Hooded hydraulic presses ranging in capacity up to 
270 tons, along with a variety of pulverizers, graders, 
blenders, ball mills, furnaces, and hot compacting units, 
are available for powder metallurgy preparation of 
metals, cermets, and ceramics. For large sizes and 
refractory metals, the 1,000 ton extrusion press is 
adapted for cold and hot compacting. 

A large machine shop, with each machine hooded or 
ventilated to allow machining of toxic, reactive, and 
radioactive materials, permits intricate shaping of a wide 
variety of materials. Included in the equipment are 
some twenty-five lathes from 10 in. to 18 in. capacity : 
milling and shaping machines ; surface, cylindrical and 
thread grinders ; large radial drill and ordinary drill 
presses ; and power hacksaws and abrasive cut-off wheels. 

Complete welding facilities, including a dry box system, 
plus a sheet metal shop and a carpenter shop provide 
additional means for material preparation. 


Fabrication and Treatment 
Nuclear Metals possesses a wide variety of metal- 
working equipment for hot and cold forming of materials. 
The 1,000 ton horizontal extrusion press is believed to 
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A battery of furnaces having temperature ranges up to 
2,600° F. (1,427° C.) is arranged to service conveniently 
both the 300 ton and 1,000 ton extrusion presses. 


be the largest extrusion press in the world devoted 
primarily to research and development work. Other 
extrusion equipment includes a 300 ton horizontal press ; 
a 100 ton fast-acting vertical press ; a large variety of 
extrusion containers ranging from 0-900 in. to 8 in. 
diameter ; and a battery of furnaces capable of reaching 
temperatures up to 2,600° F. (1,427° C.). 

Other metal-working equipment includes: an 8 in. 
rolling mill; three draw benches ranging in capacity 
from 3,000 to 15,000 lb. ; four swaging machines ranging 
in capacity from 0-010 in. diameter wire to 3} in. 
diameter tubes ; and a centreless belt grinder. 

Through excellent working arrangements with one of 
its parent companies and other large mills and fabricat- 
ing concerns, Nuciear Metals is able to augment its own 
extensive metal-working facilities by renting time on 
larger equipment, including rolling mills, extrusion 
presses, forge presses, hammers, and draw benches. 

A wide variety of equipment is available for the 
thermal and chemical treatment of metals and materials. 
Furnaces of all sizes and shapes are available, including 
induction heated units and resistance furnaces heated 
by Globar, nickel-chromium, platinum and molybdenum 
elements. Temperatures of over 3,000° F. (1,649° C.) in 
a high vacuum, or in hydrogen or other atmosphere, can 
be obtained. Salt and lead baths permit rapid heating 
of billets and samples, and three 20 ft. long vacuum 
annealing furnaces are available for bright annealing 
Zircaloy and other reactive metals: zone-melting 
equipment is also available. 

A battery of pickling and etching tanks can handle 
rods, tubes, and shapes up to 20 ft. in length, and 
surface treatment of materials can be carried out by 
electroplating, anodizing, and sputtering equipment. 


Measurement, Testing and Evaluation 
A large quantity of equipment is installed for making 
measurements to characterise materials. Equipment for 
physical measurements permits determination of shape, 
size, density, electrical properties, thermal conductivity, 
magnetic properties, and low temperature measurements: 
a dilatometer is available for operation in controlled 
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atmospheres. For X-ray diffraction studies, a Norelco 
diffractometer and Picker diffraction units are in use 
with several types of X-ray cameras, including a Unicam 
single erystal goniometer: a precision back-reflection 
camera ; and a high temperature vacuum camera capable 
of operating at temperatures exceeding 1,300° C. 

Straightforward determination of mechanical proper- 
ties can be made on the 20,000 Ib. tensile testing machine 
and the five types of hardness testing machine, which 
include the Rockwell, Brinell, Vickers and Tukon micro- 
hardness instruments. For assessing the high tempera- 
ture mechanical properties there are creep and stress- 
rupture units capable of operation in controlled atmos- 
pheres at 2 F. (1,260°C.). Other equipment con- 
cerned with less commonly quoted mechanical properties 
include some devices for the determination of elastic 
properties ; internal friction measuring devices; and 
optical comparators. Non-destructive testing for sound- 
ness can be carried out by ultrasonic, magnetic, eddy 
current and radiographic methods, a 150 kV. unit being 
provided for the last-named. 

The metallographic laboratory is fully equipped with 
the usual specimen preparation equipment, including an 
clectropolishing unit. The two Bausch and Lomb 
metallographs are supplemented by a number of bench 
microscopes, whilst low power work is catered for by 
macro-cameras. A comprehensive range of photographic 
processing equipment completes the equipment of this 
laboratory. 

A chemical analysis laboratory is maintained for the 
determination of constituents and impurities, and for 
devising methods of analysis of new material systems. 
Included in the equipment are a micro-Kjelkhal distil- 
lation unit, an Everbach Dyna-catch, a Fisher electro- 
analyser, Galvanek-Morrison and Farrand fluorimeters, a 
Larabee titrator, and Beckman pH meters and spectro- 
photometers (including a flame photometer attachment). 
This equipment, together with a vacuum fusion appara- 
tus, a spectrographic laboratory and X-ray fluorescence 
equipment, permit use of a wide variety of analytical 
techniques. 

Other Equipment and Facilities 
The work of the laboratories is supported by a glass 
(Continued on page 124) 


Removing experimental clad reactor fuel element material 
from furnace preparatory to insertion in the rolling mill. 
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The Analysis of Nickel 
Part I—Chemical Methods 


By T. R. Andrew and C. H. R. Gentry 


stituents and impurities in electronic nickel. 


Material Research Laboratory, The Mullard Radio Valve Co., Ltd., Mitcham Junction. 


A critical survey is given of published methods for the chemical determination of the alloying con- 
On the basis of a re-examination of the published 


methods and additional investigations, specific methods for each element have been formulated. 
Detailed instructions are provided for carrying out the several methods with statements of the time 


required and the precision attainable under routine conditions. 


Several of the methods, which are 


mainly photometric, are original, and all should be applicable to other non-ferrous metals in addition 


(continued from page 7 


Magnesium 


The difficulty of determining the important element, 
magnesium, in electronic nickel is indicated by the fact 
that the A.S.T.M.?* do not include a method for it in 
their nickel analysis procedures. A procedure advocated 
by Inco! requires a 5 g. sample and finishes gravi- 
metrically as magnesium pyrophosphate after several 
separation stages. Some fifteen years ago, in this 
Laboratory, a chance observation led to the development 
of a method in which the bulk of the nickel, together with 
aluminium, iron, titanium, etc., is separated from mag- 
nesium by precipitation as nickel hexamminoperchlorate, 
and the magnesium is subsequently determined gravi- 
metrically as the 8-hydroxyquinolate. 

Since this procedure has given very satisfactory 
results over a number of years, and is simpler in operation 
than the Inco procedure, details are provided here :— 

5 g. nickel is dissolved in 50 ml. nitric acid (1 : 1) and 
evaporated to fumes with 40 ml. perchloric acid 
(S.G. 1-7). After cooling, 150 ml. water is added and 
ammonium hydroxide (1:1) until alkaline with a 
5 ml. excess. The solution is allowed to stand on a 
steam bath for 4-1 hour, and the crystalline precipi- 
tate of nickel hexamminoperchlorate filtered off in a 
large sintered glass funnel and washed with dilute 
ammonium hydroxide (3 : 97). The filtrate is evapor- 
ated to 100-120 ml. and | g. tartaric acid added, 
followed by 10 ml. ammonium hydroxide (1:1), 1 g. 
sodium cyanide and | g. sodium sulphate. 

The cold solution is gassed with hydrogen sulphide 
and any precipitate filtered off. Magnesium is preci- 
pitated in the filtrate by heating to 70° C. and adding 
10 ml. ammonium hydroxide (1 : 1!) followed by excess 
5°, aleoholic 8-hydroxyquinoline. The precipitate is 
filtered on a small sintered glass crucible (porosity 3) 
and weighed after drying at 100°-105° C. 

This procedure suffered only from the need to take a 
large sample weight (5 g.) and could not meet the require- 
ment of applicability to single valve cathodes weighing 
perhaps only 10-50 mg. For this reason, many other 
methods have been tried by the authors, and every new 
procedure published during the last ten years, of which 
they are aware, dealing with the determination of small 
amounts of magnesium, whether in nickel or not, has 
been examined. In this work, it has been an article of 


faith that a satisfactory method should be based on com- 
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plete recovery of magnesium, and should not rely on 
empirical calibration by means of standards. 

The Titan yellow procedure of Yokosuka® on a 2 g. 
sample after mercury cathode electrolysis was rejected 
as unwieldy. Luke and Campbell’s*? method, based on 
extraction of the 8-hydroxyquinolate in the presence of 
butyl cellosolve after preliminary separations, and 
Luke’s®* subsequent modification were not satisfactory 
in the authors’ hands, principally because they required 
very precise control of the pH of extraction. The propo- 
sal of Umland and Hoffman** to separate magnesium 
from other metals by extraction with 8-hydroxy- 
quinoline and chloroform at pH 5, followed by addition 
of n-butylamine and extraction with 8-hydroxyquinoline 
at pH 11, fails because of loss of 15-30°,, of the mag- 
nesium during the extraction at pH 5. Similar objections 
mar the work of Noddack, Eckert and Reidel”® and of 
Pohl,” who separate nickel by extraction with di- 
ethyldithiocarbamic acid and chloroform, or by &- 
hydroxyquinoline followed by sodium diethyldithio- 
carbamate and chloroform. In both these techniques, 
some 10-20°,, of the magnesium present is lost during 
this preliminary separation, the exact amount being 
dependent on the vigour of shaking during the extrac- 
tions. 

It seemed probable that this loss of magnesium would 
be common to all procedures in which several extractions 
are made to separate the heavy metals ; and the authors 
accordingly turned their attention to the possibility of 
determining magnesium in nickel without such separa- 
tions. Although criticisms have been levelled at the 
Eriochrome black T method for magnesium, notably in 
respect of fading of the colour and the high blank 
obtained, it appeared worthwhile to examine this 
reagent and the closely related Eriochrome greys BL and 
SGL suggested by Knop.7* 

In view of the use, by Pribil*, of potassium cyanide 
to mask interference of nickel in titrations with ethylene- 
diaminetetra-acetic acid, using Eriochrome black T as 
indicator, consideration was given to the use of this 
method to overcome the need for the preliminary 
separations of heavy metals. Preliminary experiment 
showed promise and enabled a choice to be made between 
the Eriochrome dyestuffs. 

Eriochrome black T is used generally as a 0-05°,, 
solution in aleohol and is only slightly soluble in water ; 
the specimen used in the authors’ work also appeared to 
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Fig. la.-Absorption spectra : Eriochrome grey 3BL 200°, 
using final conditions (1 cm. cell), A—-excess magnesium 
(100 ; B—no magnesium. 


contain about 20°, alcohol-insoluble material. Erio- 
chrome grey 3BL 200°,, however, is readily soluble in 
water, and this was felt to be a real, though slight, 
advantage. Consideration of the absorption spectra of 
the two dyestuffs, in the presence and absence of excess 
magnesium (Fig. 1), showed that Eriochrome grey gave 
sharper peaks than Eriochrome black, and that the 
optical density of the blank at equal concentrations of 
dyestuff, was less in the region in which the magnesium 
complex absorbed. It was clear from an examination of 
these spectra that, in both cases, measurement could be 
made either at 520 my, measuring the optical density 
of the magnesium complex against the dyestuff, or at 
620 mp, measuring the residual dyestuff. The results of 
work on this are plotted in Fig. 2, which shows clearly 
that at 620 mp both dyestuffs give curved graphs, that 
of Eriochrome black T being the more pronounced ; at 
520 mp, Eriochrome grey 3BL 200°, gives a linear 
calibration up to 35 wg. magnesium/50 ml., while 
Eriochrome black T is non-linear but shows only a 
slight curve up to about 20 wg. magnesium /50 ml. It 
must be conceded that Eriochrome black T is the more 
sensitive reagent, but, in order to cover the whole range 
of magnesium levels, with this extra sensitivity, it would 
be necessary to increase the amount of dyestuff added, 
and it should not be forgotten then that the dyestuff 
solution is used as the comparison solution. 


Accordingly, Eriochrome grey 3BL was chosen and a 
study made of the interferences and methods for over- 
coming them. The procedure used for this study was 
simple: to the solution containing magnesium was 
added the suspected interference, followed by ammonia- 
ammonium chloride buffer, potassium cyanide solution 
and the dyestuff. The optical density at 520 my was 
then compared with the value obtained in the absence 
of the interference. The results of this study are given 
in Table III. It was found that, while the sensitivity of 
the procedure was dependent to a small extent on the 
amount of potassium cyanide added, presumably due to 
slight change in pH, the presence of nickel was without 
effect, provided that sufficient cyanide were present to 
complex it. 


PARLE [11.—EFFEUT OF OTHER LONS ON MAGNESIUM DETERMINATION 


Element Amount Added Magnesium Equivalent 

(paz) 

Aluminium 25 ca 0-1 

Calcium | 25 2 

Cobalt 2 Nil (see below) 

Manganese 1,000 Nil (see below) 

Nickel 25,000 Nil 

ritanium 25 0-5 

Tungsten 1,000 | Nil 
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Fig. 1b—-Absorption spectra : Eriochrome black T at same 
concentration. A-—excess magnesium (100 ug.); B no 
magnesium. 


Manganese and cobalt both give rise to interferences, 
but these can be eliminated by heating the solution after 
the addition of cyanide. In the case of manganese it is 
sufficient to bring the solution just to boiling, while full 
conversion of cobalt to cobalticyanide needs a_ boiling 
period of 1 minute. Unfortunately, if the manganese 
content exceeds about 0-2°,, a precipitate (presumably 
manganese cobalticyanide) can form during this period, 
and must be removed before attempting to measure the 
optical density of the solution. It has been found most 
convenient to complete the colour formation and dilution 
of the solution and then, if necessary, to centrifuge a 
portion before measurement. No loss of magnesium has 
been found using this technique. 


Two other points are worthy of attention. Firstly, the 
use of quartz vessels is often recommended, but negligible 
pick-up of magnesium has been found from ordinary 
unscratched resistance-glass ware after thorough clean- 
ing. Secondly, the reagent shows a slight fall in sensiti- 
vity on standing, possibly due to photochemical de- 
composition, since this can be reduced to very small 
proportions if the reagent is kept in the dark. In prac- 
tice, one can prepare a fresh solution and use it within a 
few hours, keeping it protected from strong sunlight. 

The procedure in its final form, which has given 
excellent results and good agreement with classical pro- 
cedures on a larger scale, is as follows : 

Dissolve 25 mg. sample in 2 ml. nitric acid (1 : 1), add 

2 ml. hydrochloric acid (1: 1) and evaporate just to 
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Fig. 2.—-Calibration curves. A—620 mu., Eriochrome 
grey; B--620 Eriochrome black; C—520 mu., 


Eriochrome black ; D—520 muyz., Eriochrome grey. 
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dryness (do not bake). Dissolve the residue in 10 ml. 
water and add 10 ml. buffer solution (60 ml. ammonium 
hydroxide, 10 g. ammonium chloride in | litre) and 
10 ml. freshly prepared 2-5°, potassium cyanide. 
Heat to boiling and boil for 1 minute. Cool rapidly 
and transfer to a 50 ml. graduated flask. Add 2-0 ml. 
0-05°,, Eriochrome grey 3BL 200°, and dilute to mark. 
Mix well and centrifuge if any turbidity is present. 

Prepare a blank solution in the same way, omitting 
the sample. Measure the optical density of the solution 
against the blank at 520 my, using 4 cm. cells. If a 
filter instrument is used, a filament lamp, H503 and 
Ilford filters are suitable, although in this case, due to 
the wide band width of the filter, the calibration graph 
will show a slight curve. The range of the method is 
up to 0-14°, magnesium. 

A calibration graph is prepared using magnesium 
metal. It is not necessary to boil or to add nickel in the 
preparation of this calibration graph. 

The procedure is extremely rapid, and six samples 
may be analysed in under two hours. On the Mond 
Nickel Company’s standard samples, duplicate analyses 
carried out at different times showed a maximum 
deviation from the mean value of 0-002°,, magnesium. 
The coefficient of variation in the range of 0-02-0-25°,, 
magnesium was 4+ 2-3°,. 


Manganese 


Volumetric methods for determining manganese in 
nickel have been described by Inco! and A.S.T.M.2. Two 
methods are given, a bismuthate oxidation and ferrous 
ammonium sulphate titration after a preliminary 
separation with ammonia-ammonium persulphate, and a 
persulphate oxidation followed by a sodium arsenite 
titration. Apart from the time required, the main 
objection to these methods is the fact that a sample 
weight of several grams is required. 

Several papers®7#7576 describe the photometric 
determination of manganese in nickel compounds or 
plating baths after oxidation, either with persulphate in 
the presence of a silver catalyst, or with potassium 
periodate. The A.S.T.M.*° have adopted a periodate 
oxidation for electronic nickel, and B.S.1.77 have also 
used this method for the absorptiometric determination 
of manganese in steels, including high-nickel steels. 
Small amounts of manganese ( <0-01°,) in nickel have 
been determined by Yokosuka’* by co-precipitation with 
hydrous ferric oxide, followed by spectrophotometric 
measurement after oxidation with ammonium per- 
sulphate. A different approach has been adopted by 
Eckert,’* who removes the nickel by extraction with zine 
diethyldithiocarbamate into chloroform, and then deter- 
mines the manganese with formaldoxime. He claims a 
mean error of + 5°, in the range 0-005-0-1°, man- 
ganese. 

The present authors prefer a photometric method 
utilising the permanganate colour rather than the form- 
aldoxime method of Eckert, which is more time- 
consuming and—although useful for small amounts of 
manganese—is comparatively lacking in precision at, 
say, the 0-05°% level. Of the two methods of oxidising 
manganese to permanganate, experience over a number 
of years in a routine laboratory analysing a wide range 
of materials has strengthened a preference for the period- 
ate method, which does not suffer from the fading and the 
difficulties which sometimes bedevil the persulphate 


September, 1959 


method in the hands of semi-skilled operators. The 
periodate method is very simple in operation and no 
prior separations are required. In the A.S.T_M. versions, 
the fuming with perchloric acid, filtration of tungstic 
oxide, silica, ete., and the removal of copper are un- 
necessary preliminary steps which can only detract 
from the accuracy of the final answer. For many years, 
manganese has been determined in this Laboratory by 
periodate oxidation in the presence of nitric, sulphuric 
and phosphoric acids ; in the past five years, the details 
have been slightly modified to accord with those given 
in the British Standard method for determining 
manganese in steels. This step was taken in the interest 
of standardisation, and since it is obviously of value to 
utilise a thoroughly tested method for as a wide a range 
of materials as possible. 
As applied to nickel analysis, the procedure is as 
follows :— 
Digest 0-25 g. sample in 20 ml. nitric acid (1 : 1) and 
35 ml. phosphoric-sulphuric acid (3:3: 14) until sol- 
vent action ceases, and then boil for 2 minutes. Add 
10 ml. potassium periodate solution (5°, in nitric acid 
(1: 5)) and boil gently for 5 minutes. Leave on the 
sand bath for 30 minutes, if the expected manganese 
content is small. Cool, transfer to a 100 ml. graduated 
flask and dilute to the mark. Adjust the temperature 
to 20 42°C. Fill a 4 em. cell with the solution 
(colour solution). To the solution remaining in the 
flask, add a 1°,, solution of sodium nitrite dropwise 
until the permanganate colour is discharged and | drop 
excess. Fill a second 4 em. cell with this compen- 
sating solution. Measure the optical density of the 
colour solution, using the compensating solution as 
the blank. Suitable conditions are either an absorp- 
tiometer with a mercury vapour lamp and Ilford 605 
with H503 filters or a spectrophotometer at 520 my. 
The range of the method with the absorptiometer is 
up to 0-2°, manganese. 


For calibrating the method, a solution obtained by 
weighing out AnalaR potassium permanganate and dis- 
solving in a known volume of water may be used. 
Suitable aliquots are taken and carried through the 
procedure. It is not necessary to reduce this perman- 
ganate solution before use, or to add pure nickel to it ; 
it is, however, important that the acid concentrations at 
the oxidation stage are adhered to. 

It is necessary in the procedure to use pure water, free 
of reducing agents. The supply should be tested by 
adding to 500 ml. of it a few drops of dilute sulphuric 
acid, and two drops of 0-1IN potassium permanganate. 
On heating to boiling, the pink colour should not entirely 
disappear. Some warning might also be given concern- 
ing the source of potassium periodate. No difficulties 
have ever been encountered with British material 
(AnalaR), but certain Continental supplies of analytical- 
grade reagent have been stated to give fading and low 
results.*° The cause of this is not known to the authors. 

Provided that the acid concentrations are strictly 
adhered to, the basic procedure is readily amenable to 
permit smaller samples to be analysed, greater precision 
to be attained at the lower manganese contents, or 
manganese contents higher than 0-2°,, to be determined. 
Thus, by using a final volume of 20 ml. and 4 em. micro- 
cells, it is possible to analyse samples as small as 10 mg. 
with little loss of precision. 

The method is not interfered with by any of the other 


constituents of electronic nickel, as would be expected 
from the fact that it is applicable to a very wide range of 
steels. In particular, chromium does not interfere, and 
tungsten presents no difficulty since it is kept in solution 
by the phosphoric acid. The method is fast, and batches 
of samples can be analysed in a time equivalent to ten 
minutes per determination. On the basis of replicate 
analyses of the Mond Nickel Company’s standard 
samples, the precision of the method was such that the 
average deviation from the mean values was 0-001°,, 
manganese over the range covered by these samples. 


Phosphorus 


Electronic nickel contains only trace amounts of 
phosphorus, at a level where the photometric methods 
devised for steel analysis were worth considering. It was 
felt preferable to avoid molybdenum blue techniques in 
view of possible interference by silicon, and the phospho- 
vanado-molybdate extraction of Elwell and Wilson,*! of 
which this Laboratory had considerable experience, was 
therefore tried. 

It was found possible to simplify considerably the 
published procedure, in view of the restricted amount of 
alloying constituents in nickel, and the procedure 
eventually adopted is given below :— 

Dissolve 0-25 g. sample in 10 ml. nitric acid (1: 1) 
in a 100 ml. conical flask. Boil to expel brown fumes, 
add 5 ml. water and filter (if necessary) through a small 
540 filter paper into a second 100 ml. conical flask. 
Wash with 10 ml. warm water and discard any residue. 
Heat to about 80°C. and add 25 ml. ammonium 
vanadate-molybdate reagent (see below). Cool to 
20° C. and transfer to a 100 ml. separating funnel, 
dilute to about 80 ml. and add, from a burette, 12 ml. 
isoamy! alcohol (milk testing quality). Shake vigor- 
ously for 3 minutes, allow to stand for 5 minutes, 
run off lower layer and reject. Transfer the organic 
layer to a 4 cm. absorption cell through a dry filter 
paper, and record the optical density at 425 mp. A 
blank determination should be made, preferably on 
phosphorus-free nickel. The range of the method is 
up to 0-015°, phosphorus. 


The ammonium vanadate-molybdate reagent is pre- 
pared as follows. Dissolve | g. ammonium vanadate in 
300 ml. water. Add slowly 140 ml. concentrated nitric 
acid, followed by 40 g. ammonium molybdate in 400 ml. 
water. Dilute to 1 litre. 

A calibration graph is prepared in a similar fashion 
from phosphorus-free nickel to which is added 0-01, 0-02, 
0-03, 0-04 mg. phosphorus as a solution of potassium 
dihydrogen phosphate. 

A batch of six samples can be analysed in about an 
hour and a half. The reproducibility of the method has 
been tested only on synthetic solutions, since a range of 
nickel samples containing phosphorus was not available. 
The highest phosphorus content found in a nickel sample 
has been 0-001°,, at which level duplicates agree to 
within + 0-0001°,, phosphorus. (T'o be concluded) 
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Metallurgy of the New Metals 


(Continued from page 120) 


and quartz workshop, electrical workshop, machine shop, 
drawing office and vacuum standards laboratory, and a 
large library of documents (both classified and unclassi- 
fied), periodicals and books is maintained. 

The plant has thirty-two separate ventilation systems 
capable of exhausting nearly 150,000 cu. ft./min. of 
completely filtered air from the working areas. This air 
is collected, washed and filtered by specialised equipment 
before being released to the atmosphere. An emergency 
140 kW. stand-by diesel generator and associated equip- 
ment ensure continuity for all essential experiments and 
services in the event of a power failure. ‘* Ordinary ° 
power, up to a maximum of 3,000 kW., is supplied 
through a new especially erected. sub-station 


METALLURGIA 


| 
. 56 Breckenridge, J. G., Lewis, R. W. J. and Quick, L. A., Can. Jal. Res. B. 
(1939), 17, 258 
57 Hoste, J., Anal. Chim. Acta., (1950), 4, 23 
124 


FORCED-AIR FURNACES 


BY 


SIMPLIFIED CONSTRUCTION IMPROVES PER- 
FORMANCE AND KEEPS COST DOWN. 


What’s more, there is no sacrifice of quality. Con- 
struction is rugged; high grade materials are used 
throughout ; control is fully automatic and the latest 


safety devices are incorporated. a 
The centrifugal fans are large enough to cope with 
the densest loads, and temperature variation is practically 
nil when working on control. 
Little maintenance is required. All working parts * 
are easily accessible, and element replacement is quick 


and simple, no major dismantling being required. 
These furnaces have a wide range of applications, 

and will deal quickly and accurately with both dense 

and loose loads. 


Production 
British, 
Service 
International 


West Instruments Ltd. provide a range of tempera- 
ture controllers, produced in Britain for inter- 
national markets in the plastics, metal, nuclear, 
ceramic, chemical and process industries. An 
efficient after-sales service is backed by speedy 
supply of spare parts by West representatives in 
major cities throughout the world. In this way 
West instruments, fitted to exported machinery, 
_ are assured efficient maintenance. 


West instruments are proving themselves invalu- 


ELECTRIC HORIZONTAL 
FORCED-AIR CIRCULATING FURNACE 


Model H F A 5. _ Internal dimensions 24 in. x 24 in. 
x 24in. Rating 24 KW. Also available with mechanically 
operated door. 

VERTICAL MODEL ALSO AVAILABLE 


Full details of these furnaces and of our full 
range are readily available. Please write now. 


Industrial Heating Specialists 
Commerce Estate, S. Woodford, London, E.18. 
Tel: BUCkhurst 6601-3 


> + 
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able in countries as far apart as Holland and Hong 
Kong, India and Italy, New Zealand and Norway, 
South Africa and Sweden. Full details of equipment 
and services from: 


WEST: 


52 Regent Street, 
Brighton, Sussex. Telephone: 28106 


Associate of the West Instrument Corporation of Chicago U.S.A. 
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SINTERING and BRAZING 
FURNACES LTD 


Head Office: 1242-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel: SLOUGH 21143 & 24746 


ILLUSTRATION 
SHOWS THE NEW 
DESIGN OF ‘PUSH-PULL’ 2 ONE 
HUMPBACK FURNACE FOR USE WITH 
REDUCING ATMOSPHERE FOR TEMP. UP TO 
1350°C. INCORPORATING A FULLY AUTOMATIC BOAT 
CONVEYANCE SYSTEM (Pat. No. 789,760) LOW HYDROGEN 
CONSUMPTION. 66 kWs 8” WIDE BOATS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


ROLLS-ROYCE |. 


USE R.M.C. CRUCIBLES 


Where purity of castings is required it 
pays to specify Refractory Mouldings & 
Castings crucibles. Whether you are 
melting by arc or high frequency, they 
provide good resistance to thermal shock, 
and resist erosion. These are a few of 
the reasons why Rolls-Royce and other 
leading Precision Casters depend upon 
R.M.C. refractories. Deliveries are good. 
Why not write for further information ? 


@ Made to individual requirements. 
@ Rapid delivery. @ Close tolerances. 


@ Good resistance to thermal shock. 


@ Resist erosion. @ Fewer inclusions. 
WE ALSO MAKE SPECIAL REFRACTORIES TO CLOSE TOLERANCES 
FOR A WIDE VARIETY OF APPLICATIONS FOR RESEARCH AND @ For temperatures up to 2000 C. 
DEVELOPMENT WORK. 
: REFRACTORY MOULDINGS & CASTINGS LIMITED 
KEGWORTH, NR. DERBY Tel: KEGWORTH 429 Grams: AREMCEE, KEGWORTH 
RMCI 
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BAKER PLATINUM 


The ** Deoxo ” Process provides for the catalytic hydrogenation or oxidation 
of certain gases. Various types of laboratory and commercial Purifiers have 
been developed embodying the ** Deoxo”” Process and using different Baker 
Catalysts. For example—MODEL D for the removal of oxygen from hydrogen. 
Can also be used for the removal of oxygen or hydrogen from other industrial 
gases. MODEL E for converting small quantities of carbon monoxide to : 
methane in a hydrogen rich atmosphere. MODEL M for the catalytic combin- Model D—1000 e-f-h. 
ation of oxygen and carbon monoxide to form carbon monoxide. Also the 
catalytic oxidation of hydrogen in an oxygen rich gas. MODEL P is designed 
to provide for the catalytic combination of oxygen and hydrogen in gases 
containing carbon monoxide. The principal advantage of the ** Deoxo ”’ process 
is that, with negligible operating costs, a very high degree of purification can be 
achieved—in some cases the remaining impurity being less than i v.p.h. (0.0001°,,). 


Model M--200 


Model D—S ¢-fh. 


FNGELHARO TRIES, 
€ 2) A copy of the illustrated publication, giving 


BAKER PLATINUM DIVISION * full details of the ** Deoxo” process, will be 
forwarded on application. Technical representatives 


52 HIGH HOLBORN, LONDON, W.C.1. CHAncery 87/1 are always available for consultation and advice. 


‘for the protection of Ferrous metals © 
against oxidation at high temperature 


IPE 
AM 
$ 0 UR, 
Heat-resisting alloy steel Castings MCE wp TRE WS 
oxidation resistance combined with eg 


load strength at high temperature 


Write for publications No. 1301/1 CALORIZING, No. 1638 CALMET to: 


THE GALORIZING CORPORATION OF GREAT BRITAIN LTD 


Lynton House, 7/12 Tavistock Square, London, W.C.!. Telephone: EUSton 4321 
WORKS: RENFREW AND DUMBARTON 
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THOMAS BOLTON & SONS LTD 


Head Office: MERSEY COPPER WORKS, WIDNES, LANCS. Tel : Widnes 2022. 
Grams: “Rolls, Widnes'’. London Office & Export Sales Department: 168 Regent 
Street, W.1!. Telephone: Regent 6427. Telegrams: “Wiredrawn, Piccy, London’’. 


BLACKWELLS 


of this capacity are rare! ! 


All sizes and sections; bars in random or exact (single and multiple) 
lengths; segments sawn or stamped to shape. Stepped and other 
special sections. Double taper bars. 


SILICON MANGANESE e ALUMINIUM 
NICKEL e BORON e TITANIUM 
CHROMIUM e RUTILE e¢ COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. — 
Write or phone us for full information 


Have you a surface hardening 
problem we can help with ? 


Their Technical Advisory service is unique, 


and your enquiries on your particular problems FLAME HARDENERS LTD. 


are invited. Get in touch today with :— j 
Shorter Works, Bailey Lane, 


BLACKWELLS METALLURGICAL WORKS LTD. Sheffield, 1, 
Dept. 10, Thermetal House, Garston, Liverpoo! 19 Telephone: 21627. 
"Phone: Gorston 980 "Grama: Blackwell,”’ Liverpool 
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MagnaxnowHow had fun 


SEPARATION 
OF METALS 


Separation is the obvious solution to an entangle- 


ment. But when it comes to metals the question 


is how best to separate them successfully and 


economically. That's no problem to us, since we 


; Sc? produce metal separating equipment which will 


separate the almost insepar- 


able. If you have a problem 


why not share it with us? 


RAPID MAGNETIC LTD. 


BIRMINGHAM, 12, ENGLAND. 


A SPECIALIST EXPERIENCE 


HAL F 


SEMI SILICA STOURBRIDGE FIREBRICK ALUMINOUS 
FIREBRICK « HIGH ALUMINA « SILLIMANITE «+ FIRE BRICK 
INSULATION * HIGH TEMPERATURE INSULATION «+ JOINTING 
MATERIALS AIR-SETTING CEMENTS REFRACTORY 
CONCRETES ° RAMMING COMPOUNDS 


Technical details and prices of all grades available on request. 


E. J. & J. PEARSON LTD. FIREBRICK WORKS, STOURBRIDGE 
Telephone : Brierley Hill 77201 
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THESE TWO PHOTOGRAPHS ILLUS- 
TRATE SIMILAR PRESSINGS MADE 
UNDER IDENTICAL CONDITIONS. THAT 
ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
COMPARED WITH 

THE WASTER PRO- 

DUCED BY ORDIN- LESS 

ARY STEEL DIES. (WEAR 


LESS WASTERS 
Un-retouched Photographs ty Courtesy of a NARITE User "MORE 
PRODUCTION 
MORE 
PROFIT 


NARITE eliminates ‘scuffing’, 
‘ galling’, or ‘ wrinkling’ in j 
pressing. NARITE gives 

lower die costs, more press 
production hours, more profit. 
NARITE service is yours for 

the asking. 


Write now to ; REE 


ST. ANDREW'S RD. HUDDERSFIELD 
Telephone: HUDDERSFIELD 6263/4 


Ferro Alloys | 
| THOMAS 


TUNGSTEN MOLYBDENUM 


VANADIUM AND TITANIUM ANDREWS 


and COMPANY LIMITED 


also 


PURE CHROMIUM HIGH-GRADE STEEL MAKERS 


& MANGANESE 
SPEED STEELS 


sé MONARCH a { HOT & COLD DIE STEELS 


TOOL HOLDER BITS 


IMMEDIATE DELIVERY | ““HARDENITE’’! STEELS for Ail 


FROM STOCK 
rT ” CARBON TOOL STEEL for 
HELVE CHISELS, PUNCHES, &c. 


MINWORTH METALS 
LIMITED 


THE HARDENITE STEEL COMPANY LIMITED 
MINWORTH SUTTON COLDFIELD WARKS. Telephon Telegrams 
Tel. Birmingham ASHfield 1114 | SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


METALLURGIA, September, 1959 


\)/ 
la 
TOOLs | 
AND 
« 
DIES | 
WRITE % 
FOR 
B 
N. C. ASHTON LIMITED 
i 
4 
Nyy 
, 
| 
| ROYDODS WORKS AND 
HARDENITE STEEL WORKS \ 
ATTERCLIFFE ROAD, SHEFFIELD, 
; | Export Department 
| 
| 
4s 


KKM OOM 


OF 


BLACKHEART | 
CASTINGS for BASIC BRICKS 
at Keewest Puces 


TIPTON 


¥ 


Produced in Sheet Steel in all thick- 
nesses from 21 gauge to |”. For easy 
handling, all products are packed in 
bundles of 25 or 50 according to 
weight, and marked to customer's 
specification. 


7 HALE@ HALE. ‘TIPTON: LTD. TAPHOLE TUBES 


DUDLEY PORT, STAFFS, To Customer's Specification 


CRAMS:“HALEFO’ TIPTON PHONES: TIPTON 1671/5 
SOLE MANUFACTURERS TO THE 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and ENGINEERING CO 
HAZLEHEAD »r SHEFFIELD YORKSHIRE 
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CLASSIFIED ADVERTISEMENTS 


rate of 2/6 per line 


SITUATIONS VACANT 


UNIVERSITY OF SYDNEY 
SENIOR LECTURESHIP IN 
PHYSICAL METALLURGY 


Classified Advertisements are inserted at the | SITUATIONS VACANT — continued 


Applicaticns are invited for the above | 


position within the Department of Chemi- 
cal Engineering. The successful candidate 


will be responsible for the teaching of 
Physical Metallurgy within the Faculty of 


Engineering, under the direction of the 
Head of the Chemical Engineering Depart - 
ment. Applicants should hold at least an 
Honours Degree in Metallurgy or Physics. 
Some experience in the teaching of 
Physical Metallurgy is essential, and 
research and/or industrial experience in 
Physical Metallurgy, while not absolutely 


essential, will be a strong additional 
qualification. 
The salary for a Senior Lecturer is 


within the range £A2,200-80-£2 
annum, plus cost of living adjustment and 
will be subject to deductions under the 
State Superannuation Act. The com- 
mencing salary will be fixed according to 


600 per 


the qualifications and experience of the | 


successful applicant. 

Under the Staff Members’ Housing 
Scheme in cases approved by the Univer- 
sity and its Bankers, married men may be 
assisted by loans to purchase a house. 

Further particulars and information as 
to the method of application may be 
obtained from the Secretary, Association 
of Universities of the British Common 
wealth, 36 Gordon Square, London, W.C.1 

Applications close, in Australia and 
London, on September 19th, 1959. 


THOMSON-HOUSTON CO. 
LTD. 

The B.T.H. Group Research Laboratory 
has a vacancy in the Physical Metallurgy 
Section for a graduate in metallurgy or 
physics with a good honours degree and 
preferably some research experience. The 
work is concerned with research applied to 
alloy development, structural properties 
of metals and evaluation problems applied 
to nuclear reactors. 

Applications, who should be free from 
National Service commitments, are in- 
vited to write to the Director of Research, 
The British Thomson-Houston Co., Ltd., 
Rugby, stating age, qualifications, and 
experience, and quoting reference OG. 


BRITISH 


IRON & STEEL CO., 
a branch of The United Steel Com- 
panies, Ltd., invite applications for the 
position of 
WORKS METALLURGIST 

This fully-integrated works, situated on 
the West Coast of Cumberland, operates 
blast furnaces producing hematite iron 
and ferro alloys. Steelmaking is by the 
Acid Bessemer and the Are Furnace 
Processes. The work offers a variety of 
interesting problems, Good life assurance 
and contributory pension scheme. Appli- 
ecants with an honours degree in metal- 
lurgy and with at least 10 years works 
experience, should write to The Se Secretary, 
Workington Iron & Steel Co., Moss Bay, 
Workington, Cumberland. 
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JHYSICAL METALLURGIST re- 


quired by large base metal 
company located in south eastern 
British Columbia, Canada. The 


position involves investigational 
and research work connected with 
the industrial and commercial appli- 
cations of lead and zine. Applicants 
should forward full particulars of 
personal history, training and ex- 
perience to—Supervisor, Staff De- 
partment, The Consolidated Mining 
and Smelting Company of Canada, 
Ltd., Trail, B.C., Canada, 


‘THE UNIVERSITY OF SOUTHAMP- 

TON. Research in Structural Fatigue. 
Applications are invited for the post of 
Research Assistant to undertake interest - 
ing theoretical work on the Analysis of 
Comulative Damage in Structural 
Fatigue, with special reference to Acoustic 
Fatigue. Candidates should have a degree 
in Mathematics or Engineering and ex- 
perience in Statistical Analysis and some 
knowledge of the field of metal fatigue. 
Salary according to qualifications and 
experience up to a maximum of £800 per 
annum. Applications (two copies) con 
taining the names of two referees should 
be sent to the Secretary and Registrar. 


posit eNXIsts 


SITE ENGINEER. A 
capable ot 


for a Senior Site Engineer 
taking complete charge of work relating 
to the installation and operation of gas, 
oil and electric furnaces. Must have first 
class experience and sound engineering 
background. Permanent, progressive 
position. Full details of experience to 
Box ML.68, 31 King 
Street West, Manchester 3. 


SSAYER required by British Company 

operating alluvial tin and columbite 
mine in NORTHERN NIGERIA to take 
charge of assay laboratory. Salary 
tlio 0 per month plus £5 per month 
COLA for married man. Housing, heavy 
furniture, light fuel provided. Initial tour 
of two years with four months leave on 
full pay. Provident fund and non- 
contributory pension scheme. Age under 
35. Write Box MA.248, c/o 191, Gresham 
House, E.C.2. 


THE STEEL COMPANY OF WALES 
LTD. 
NEWPORT DIVISION 
IHYSICAL METALLURGIST required 
for interesting Research on the Metal- 
lurgy of Oriented Silicon Steels. Candi- 
dates should have good Honours Degree 
and preferably some Research experience. 
The selected applicant will also be in 
charge of the Metallographic Laboratory. 
Excellent conditions of service, including 
good starting salary commensurate with 
qualifications and experience and attrac- 
tive Pension Scheme. 
Write, giving details of age, qualifica- 
tions and experience, to General Manager, 
Orb Works, Newport, Mon. 


SITUATIONS VACANT. Teontinued 

A LEADING MANU F. CTU RE R ‘of 
*” Hydraulic Equipment for the Indus- 
trial and Aircraft Industries, requires an 
Engineer to take responsibility for the 
technical aspects of all its Rubber and 
Plastic Components. 

Applicants must have a detailed know- 
ledge of the physical and chemical proper- 
ties of these materials, and have some 
experience in the design of components 
manufactured from them. 

Applications, giving full details of age, 
experience, etc., to Box ML.66, Mrrat 
LuRGIA, 3L King Street West, Man- 
chester 3. 


QSTEELWORKS METALLURGIST re 

quired by North East Coast Company 
engaged in the production of medium and 
heavy steel castings, forgings and fabrica 
tions. Experience of steel foundry meta!- 
lurgy including non-destructive testing, 
electric and Open Hearth melting is 
essential and some knowledge of heavy 
press forging metallurgy and Class I 
welding is desirable. Salary will be in 
accordance with experience. Please reply 
giving fullest details of present and past 
appointments, which will be treated in the 
strictest confidence, to Wolsingham Steel 
Co., Ltd., Wolsingham, Bishop Auckland, 
Co. Durham. 


BOROUGH POLYTECHNIC 
Borough Road, London, S8.E.1 
Principal: James Garsipr, 
M.Se.Tech., Ph.D., F.R.LC., F.1.M., 
F.Inst.F. 

The Governors invite applications for 
the following appointments : 

DIVISION OF METAL SCIENCE 
SENIOR LECTURER METAL. 
LURGY. This is a new appointment and 
the person appointed will be directly 
responsible to the Principal for the teach 
ing, organisation and general develop- 
ment of Metallurgy, with special reference 
to Engineering, Metal Finishing and 
related subjects within the field of the 
Science of Metals in the self-contained 
Division of Metal Science. 

Candidates should be of high academic 
standing ; research and industrial experi- 
ence desirable, teaching experience in a 
responsible post an added qualification. 
This post offers admirable opportunities 
for a man with vision, initiative and 
ability. The Division has well-equipped 
Metallurgical and other laboratories ; 
facilities for research are excellent and 
there is an active research programme in 
operation. 

Salary Seale : £1,550 « £50—£1,750 

Successful candidate may be appointed 
at a point on the scale above the minimum 
if they have had previous experience in 
the grade or in some capacity which can 
be regarded as equivalent. Plus London 
Allowance of £38 (£51 if 36 years of age or 
over). 

Further particulars and Form of 
Application, which should be returned as 
soon as possible, obtainable from the 
undersigned. 

Frepk. J. PACKER, 
Clerk to the Governing Body 


METALLURGIA, September, 1959 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT continued 


CENTRAL ELECTRICITY 
GENERATING BOARD 
EASTERN DIVISION 
Applications are invited for the follow- 
ing superannuable appointment at Divi- 
sional Headquarters (Cockfosters North 
London). 


DIVISIONAL 
ASSISTANT METALLURGIST 
Salary N.J.B.. Class AX /DX, within 


the range of Grades 7/8, £775 £25 
per annum, 

The commencing salary will be within 
the above range at a point commensurate 
with qualifications and experience. 

The duties of the applicant appointed 
will cover a very wide field of investigation 
into problems of metal failure associated 
with generating plant. Applicants should 
possess either Higher National Certificate 
or Licentiate of the Institute of Metallur- 
gists and have a fairly wide experience in 
both ferrous and non-ferrous metallurgy, 
preferably in the fields of corrosion and 
or welding. 

Applications, quoting Reference 
2/10826, stating age, qualifications, ex- 
perience and present position should be 
sent to the Controller, Central Electricity 
Generating Board, Eastern Division, West 
Farm Place, Chalk Lane, Cockfosters, 
Barnet, Herts., by October lM4th, 1959. 

W. N.C. 
Controller. 


SSISTANT METALLURGIST Appli- 

cations are invited from persons with 
Higher National Certificate and /or L.1I.M. 
for position as Assistant in Metallurgical 
Department of steel tube manufacturing 
company. Position offers scope in an 
interesting and stable industry, for well 
qualified and experienced applicant. Apply 
in first instance to: Personnel Manager, 
Tubes Limited, Desford Lane, Kirby 
Muxloe, Nr. Leicester. ; 


JOSEPH LUCAS LIMITED 
GROUP RESEARCH CENTRE 


There is a vacancy in a growing Metal 
Treating Department for a Research 
Metallurgist to take responsibility for 
initiating and developing metallographic 
and other techniques which may be used 
in the examination of treated materials. 
Applicants must have had experience in 
this field and should be of at least A.I.M. 
level. The post is pensionable and a good 
starting salary will be paid. Five day 
week. 

Apply in writing, stating age, qualifi- 
cations and experience to the Personnel 
Manager, JOSEPH LUCAS LIMITED, 
Great King Street, Birmingham, 19, 
quoting reference PM/GR/304. 


METALLL "RGIA, Ne pte mber, 19359 


SITUATIONS VACANT | continued 


JOSEPH LUCAS LIMITED 
GROUP RESEARCH CENTRE 

There is a vacancy in a growing Metal 
Treating Department for a Metallurgist 
Engineer for development work on 
atmosphere control and furnace imstru 
mentation. This post involves the design- 
ing and construction of special equipment 
for surface treatment and the application 
of this to production. Applicants should 
have qualified to at least Higher National 
level and should have a chemical and 
metallurgical background, preferably with 
some knowledge of furnace control 
systems. The post is pensionable and a 
good starting salary will be paid. Five 
day week. 

Apply in writing, stating age, qualifi- 
cations and experience to the Personne 
Manager, JOSEPH LUCAS LIMITED 
Great King Street, Birmingham, 1% 
quoting reference PM 


JOSEPH LUCAS LIMITED 
GROUP RESEARCH CENTRE 
Applications are invited for the post of 
Research Metallurgist in the Induction 
Heating Section of the Lucas Group 
Research Centre, to Study the metal 
lurgical aspects of Induction Heating. 
Applicants should be of A.1.M. standard 
or equivalent. Experience in Induction 
Heating or some knowledge of Electrical 
Engineering would be an advantage. The 
post is permanent and pensionable and a 
good starting salary will be paid. Applica- 
tions should be made in writing, giving 
full details of age, qualifications and 
experience to the Personnel Manager, 
Joseph Lucas Limited, Great King Street, 
Birmingham, , 1%, quoting reference 

PM GR/29s8. 


UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 
DOUNREAY EXPERIMENTAL 

REACTOR ESTABLISHMENT 
THURSO, CAITHNESS, SCOTLAND 
There are vacancies for young people who 
are interested in metallurgy and physics 
to work on radio-active examinations in 

the Laboratory and Plant Division. 
The basic qualifications required are 
G.C.E., or equivalent, in at least five 
subjects, two of which must be at ad- 
vanced level in science or mathematics, 
and some experience in one of the following 
fields: non-destruction testing, mechani- 
cal testing, metallography, or the physical 
testing of materials. A pass degree or 
H.N.C. in an appropriate subject is 
desirable. 
The .vork will be carried out in new 
laboratories specially equipped to deal 
with reactor components. There are 
opportunities for promotion. 
Salary within scale £410 (at age 18)-— £885. 
Contributory superannuation. Staff hous- 
ing scheme. Hostel accommodation may 
be available. 

Send postcard for application form, 
quoting reference D.E.65/J.15, to Per- 
sonnel Manager at above address. 
Closing Date : October 12th, 1959. 


SITUATION WANTED 


DVERTISING MANAGER, declared 

redundant in recent ‘take-over 
shuffle, seeks new post. Here are some 
facts about myself: Age 53, M.A.A., 
M.I.A.M.A., A.I.P.A (1937 vintage) 
Sound advertising agency background 
Past twenty-five years spent in technical 
and industrial advertising (two com 
panies). Seasoned advertising executive 
accustomed to working harmoniously with 


all departments Good organiser with 
exceptional ability at strict budgetary 
control First-class experience planning 


and executing press campaigns in U.K 
and overseas. Creative writer and layout 
man with lots of experience converting 
dull subjects into lively and effective 
publicity by way of press, sales literature, 
direct mail, display and exhibitions, press 
and public relations, film distribution, 
photography and artwork. Knowledgeable 
and enthusiastic hard-worker Highest 
references supplied. Salary, about £1508, 
Box ML.67, 31 King 
Street West, Manchester 3. 


MACHINERY PLANT & 
ACCESSORIES WANTED 


ABORATORY Equipment. Wanted 

Metallurgical Microscope suitable for 
micro and macro examination of steel 
Camera attachment essential. Full details 
to Box No. MK 64 Meraciorata, 31, King 
Street West, Manchester 3. Box MK64. 


METALLOGRAPHIC 
MOUNTING MEDIUM 


4 


I -H.P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON,  N.16. 


EDUCATION 


BATTERSEA COLLEGE OF 
TECHNOLOGY 
London, S.W.11 
Full-time and part-time courses in 
CRYSTALLOGRAPHY, leading to the 
Internal M.Sc. degree of the University 
of London or the Postgraduate Diploma 
of the College (by examination), will be 
held during the session 1959-60. A short 
part-time practical course is also available. 
Further particulars may be obtained from 
the Head of the Department of Metal 
lurgy. 


BRUNEL COLLEGE OF 
TECHNOLOGY 
Woodlands Avenue, Acton, W.3 
DEPARTMENT OF PHYSICS 
THE TECHNIQUES OF 
NON-DESTRUCTIVE TESTING 
An evening course of 10 lectures by 
specialists will be held on Wednesdays 
from 7 to 8.30 p.m., commencing October 
7th, 1959. Fee £1. 
Further details from the College. 
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Experience in steel industry preferable 


essential. 


but 


Canada’s largest fully integrated steel plant requires graduates in Metallurgy 
for both primary and finishing operations, for process control, and develop- 
ment work, 


not 


Two-year contract leading to permanent employment. 
Work location Hamilton, Ontario, or Montreal, Quebec. 


Pension and Family Hospital Plan. 
Passage assisted. 


Applicants should have at least H.N.C. or equivalent 


and be between 25 and 35 years of age. 


Address applications to : 


The Steel Company of Canada, Ltd., 


H. Robertson, 4, Broad Street Place, London, E.C 
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This process, for producing from the lighter products 
of oil refineries, a clean fuel gas having the same inter- 
changeable characteristics as the normal town gas, is 
now available for the first time in this Country to a wide 
variety of industries. 

The improvement in furnace operating conditions 
ard product quality alone could justify the installation 
of a Stein Atkinson M.S. plant. A wide range of unit 
size is possible. 


Here are some of the 
advantages of 
the M.S. process: 


1. Completely automatic. 


2. Highly efficient 


and economical. 
3. Low capital cost. 
4. Low labour requirements. 
5. Clean sulphur-free gas. 


6, Controlled gas 


characteristics. 
~, Great flexibility. 


8. No effluent problems. 


The $&A licence for supplying 
this plant covers all industries in 
the U.K. and Scandinavia, except 
for Gas Works and those posses- 
sing coke ovens andor biast 
furnaces. 


BD. LONDON 
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presents 


ONE LEVER controls both oil and air, VARIABLE AIR/OIL VALVE COUPLING 
koaping the ratio from selection of the correct air, P 
to Minimum firing rite. Easily and tatio the burner is running. § 
; operated by unskilled iabour. ratio once aa 
from high to low flame. for extradow 
see 
RADIAL MOVEMENT allows to be 4 
ype EXTRA-LOW FLAME SHIELD 
“RELEASE inner assembly mekes nozzle 
3 Patent withdrawal REGULATING SLEEVE silows adjustment of 
fuel oi flarne shape while the burner is in operation. 
ANY FURNACE ATMOSPHERE selected at wilt and SOLATOR VALVE chews ait when 
when ait pressure for quicker, simpier lighting. 
4 
MODELS 
PRN. cap. 3) imp. gals/hr. PRN. 3 Available shortly). 
PRN. 2 cap. 6 imp. gals /hr. PRN. 4 cap. 30 imp. gals/hr. : Rit 


Particulars from 


NU-WAY HEATING PLANTS LTD. (BOX A500) DROITWICH ie 


and at LONDON, MANCHESTER, NEWCASTLE, GLASGOW, BELFAST, DUBLIN, BRISTOL. 
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